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IHROMBOPOI ETIN MIMETICS 



FIELD OF THF INVENTION 
This invention relates to thrombopoietin (TPO ) mimetics and their use as 
5 promoters of thrombopoiesis and megakaryocytopoiesis. 



BACKGROUND OF THE INVENTION 
Megakaryocytes are bone marrow-derived cells, which are responsible for 
producing circulating blood platelets. Although comprising <0.25% of the bone marrow 

10 cells in most species, they have >10 times the volume of typical marrow cells. See Kuter et 
al. Proc. Natl. Acad. Aci. USA 91 : 1 1 104-1 1 108 (1994). Megakaryocytes undergo a 
process known as endomitosis whereby they replicate their nuclei but fail to undergo cell 
division and thereby give rise to polypoid cells. In response to a decreased platelet count, 
the endomitotic rate increases, higher ploidy megakaryocytes are formed, and the number 

15 of megakaryocytes may increase up to 3-fold. See Harker J. Clin. Invest . 47:458-465 
(1968). In contrast, in response to an elevated platelet count, the endomitotic rate 
decreases, lower ploidy megakaryocytes are formed, and the number of megakaryocytes 
may decrease by 50%. 

The exact physiological feedback mechanism by which the mass of circulating platelets 

20 regulates the endomitotic rate and number of bone marrow megakaryocytes is not known. The 
circulating thrombopoietic factor involved in mediating this feedback loop is now thought to be 
thrombopoietin (TPO). More specifically, TPO has been shown to be the main humoral 
regulator in situations involving thrombocytopenia. See, e.g., Metcalf Nature 369:519-520 
(1994). TPO has been shown in several studies to increase platelet counts, increase platelet size, 

25 and increase isotope incorporation into platelets of recipient animals. Specifically, TPO is 
thought to affect megakaryocytopoiesis in several ways: (1) it produces increases in 
megakaryocyte size and number; (2) it produces an increase in DNA content, in the form of 
polyploidy, in megakaryocytes; (3) it increases megakaryocyte endomitosis; (4) it produces 
increased maturation of megakaryocytes; and (5) it produces an increase in the percentage of 

30 precursor cells, in the form of small acetylcholinesterase-positive cells, in the bone marrow. 

Because platelets (thrombocytes) are necessary for blood clotting and when their 
numbers are very low a patient is at risk of death from catastrophic hemorrhage, TPO has 
potential useful application in both the diagnosis and the treatment of various 
hematological disorders, for example, diseases primarily due to platelet defects. Ongoing 

35 clinical trials with TPO have indicated that TPO can be administered safely to patients. In 
addition, recent studies have provided a basis for the projection of efficacy of TPO therapy 
in the treatment of thrombocytopenia, and particularly thrombocytopenia resulting from 
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chemotherapy, radiation therapy, or bone marrow transplantation as treatment for cancer or 
lymphoma. See e.g., McDonald (1992) Am. J. Ped. Hematology/Oncology 14:8-21 
(1992). 

The gene encoding TPO has been cloned and characterized. See Kuter et al., 
5 Proc. Natl. Acad. Sci. USA 91 : 1 1 104- 1 1 108 (1994); Barley et al., Cell 77: 

II 17-1 124 (1994); Kaushansky et al., Nature 369:568-571 (1994); Wendling et al., 
Nature 369: 571-574 (1994); and Sauvage et al., Nature 369: 533-538 (1994). 
Thrombopoietin is a glycoprotein with two distinct regions separated by a potential Arg-Arg 
cleavage site. The amino-terminal region is highly conserved in man and mouse, and has 

10 some homology with erythropoietin and interferon-alpha and interferon-beta. The carboxy- 
terminal region shows wide species divergence. 

The DNA sequences and encoded peptide sequences for human TPO receptor (TPO- 
R; also known as c-mpl) have been described. See, Vigon et al. Proc. Natl. Acad. Sci. USA 
89: 5640-5644 (1992). TPO-R is a member of the haematopoietin growth factor receptor 

1 5 family, a family characterized by a common structural design of the extracellular domain, 
including for conserved C residues in the N-terminal portion and a WSXWS motif close to 
the transmembrane region. See Bazan ProcJjatL Acad. Sci. USA 87:6934-6938 (1990). 
Evidence that this receptor plays a functional role in hematopoiesis includes observations 
that its expression if restricted to spleen, bone marrow, or fetal liver in mice (see Souyri et 

20 al. Cell 63: 1 137-1 147 (1990)) and to megakaryocytes, platelets, and CD34+ cells in 

humans (see Methiaetal. Blood 82 : 1395-1401 (1993)). Further evidence for TPO-R as a 
key regulator of megakaryopoiesis is the fact that exposure of CD34+ cells to synthetic 
oligonucleotides antisense to TPO-R RNA significantly inhibits the appearance of 
megakaryocyte colonies without affecting erythroid or myeloid colony formation. Some 

25 workers postulate that the receptor functions as a homodimer, similar to the situation with 
the receptors for G-CSF and erythropoietin. 

The slow recovery of platelet levels in patients suffering from thrombocytopenia is a 
serious problem, and has lent urgency to the search for a blood growth factor agonist able to 
accelerate platelet regeneration. 

30 It would be desirable to provide compounds which allow for the treatment of 

thrombocytopenia by acting as a TPO mimetic. 

As disclosed herein it has unexpectedly been discovered that certain substituted 
naphthimidazole derivatives are effective as agonists of the TPO receptor, they are potent 
TPO mimetics. 



35 
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SUMMARY OF THE INVENTION 



This invention relates to compounds of Formula (I): 



R! 



Ri 




L 



• R7 



(I) 



wherein: 



the C ring has one double bond where indicated by the broken lines, provided that 
R.8 is absent when the nitrogen attached thereto has a double bond and provided 
that R 7 is absent when the nitrogen attached thereto has a double bond; 

R 1 , R 2 , R 3 , R 4 and R 5 are each independently selected from the group consisting 
of: hydrogen, -C(0)ORl ' , -CONR^rIO, _ S 0 2 NR9r 10 , phosphonic acid, 
phosphinic acid, Ci. 6 alkyl, Ci_ 6 alkoxy, -(CH 2 ) p OR> », nitro, cyano, halogen, - 
NR 9 R 10 , N-acylamino, N-sulfonylamino, -SCO^R 1 K aryl, substituted aryl, 
alkyl, cycloaikyl, substituted cycloalkyl, protected -OH, and alkyl substituted 
with one or more substituents selected from the group consisting of: alkoxy, 
acyloxy, aryl, substituted aryl, -NR 9 R 10 , N-acylamino, oxo, hydroxy, cycloalkyl, 
substituted cycloalkyl, -C(0)ORl * , -C(O)NR9r10 ; -S(O) 2 NR9r10, . S (0) n Rl 1 , 
aryloxy, nitro, cyano, halogen, and protected -OH; 

where 

n is 0 to 3; 

p is 0 to 6; 

Rl 1 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, Cj- 
Ci 2 aryl, substituted alkyl, substituted cycloalkyl and substituted Cj-C^aryl; and 

R9 and R 10 are independently selected from hydrogen, cycloalkyl, Ci-C 12 aryl, 
substituted cycloalkyl, substituted C^C^aryl, alkyl or alkyl substituted with one 
or more substituents selected from the group consisting of: alkoxy, acyloxy, 
aryloxy, -NR 1 *R ] *, N-acylamino, oxo, hydroxy, -C(0)OR n , -S(0) n R' - 
QOJNR 1 *R ! 1 , -S(0) 2 NR' 'R 11 , nitro, cyano, halogen, cycloalkyl, substituted 
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cycloalkyl, aryl, substituted aryl and protected -OH where n and R 1 1 are as 
described above; or R 9 and R 10 taken together with the nitrogen to which they 
are attached represent a 5 to 6 member saturated ring containing up to one other 
heteroatom selected from oxygen and nitrogen; 

R 6 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, Cj- 
C^aryl, substituted alkyl, substituted cycloalkyl and substituted C j-C^aryl; 

R 7 is absent when the nitrogen attached thereto has a double bond or selected from 
the group consisting of: hydrogen, alkyl, cycloalkyl, C^C^aryU substituted 
alkyl, substituted cycloalkyl and substituted Cj-C^aryl; 

R 8 is absent when the nitrogen attached thereto has a double bond or selected from 
the group consisting of: hydrogen, alkyl, cycloalkyl, Ci-C^aryl. substituted 
alkyl, substituted cycloalkyl and substituted Ci-C^aryl; 



X is selected from the group consisting of sulfur, sulfonamido, oxygen and an 
amino group which may be substituted by Cj-Cioalkyl or benzyl; 

AR is a cyclic or polycyclic aromatic ring containing from 3 to 16 carbon atoms, 
optionally containing one or more heteroatoms, provided that when the number 
of carbon atoms is 3 the aromatic ring contains at least two heteroatoms and 
when the number of carbon atoms is 4 the aromatic ring contains at least one 
heteroatom, optionally substituted with one or more substituents selected from 
the group consisting of: alkyl, substituted alkyl, cycloalkyl, substituted 
cycloalkyl, aryl, substituted aryl, aryloxy, hydroxy, alkoxy, acyloxy, -NR ,2 R 13 , 
N-acylamino, N-sulfonylamino, nitro, cyano, halogen, -QOJOR 11 , - 
C(0)NR 12 R 13 , -S(0) 2 NR 12 R 13 , -S(0) n R' protected -OH, and alkyl 
substituted with one or more substituents selected from the group consisting of: 
alkoxy, acyloxy, aryl, substituted aryl, amino, N-acylamino, oxo, hydroxy, 
cycloalkyl, substituted cycloalkyl, -C(0)OR ! >, -S(0) 2 NR l2 R 13 , -S(0) n R n , 
aryloxy, nitro, cyano, halogen, and protected -OH, 

where 

nis0to3; 
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R.1 1 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, C]- 
Cnaryl, substituted alkyl, substituted cycloalkyl and substituted C|-C 12 aryl, and 

Rl2 and R 13 are independently selected from the group consisting of: hydrogen, 
cycloalkyl, Cj-C^aryl. substituted cycloalkyl, substituted Cj-C^aryl, alkyl or 
5 alkyl substituted with one or more substituents selected from the group consisting 

of: alkoxy, acyloxy, aryloxy, -NR 1 'R 1 N-acylamino, oxo, hydroxy, 
-C(0)ORl K -S(0) n R n , -C(0)NR' 'R 1 l , -SCO^NR 1 ] R ! nitro, cyano, 
cycloalkyl, substituted cycloalkyl, halogen, C|-Cj 2 ary 1, substituted CpC^aryl, 
and protected -OH, where n and R 11 are as described above; and 
10 pharmaceutical ly acceptable salts, hydrates, solvates and esters thereof. 

This invention relates to a method of treating thrombocytopenia, which comprises 
administering to a subject in need thereof an effective amount of a TPO mimetic compound 
of Formula (I). 

The present invention also relates to the discovery that the compounds of Formula 
(I) are active as agonists of the TPO receptor. 

In a further aspect of the invention there is provided novel processes and novel 
20 intermediates useful in preparing the presently invented TPO mimetic compounds. 

Included in the present invention are pharmaceutical compositions comprising a 
pharmaceutical carrier and compounds useful in the methods of the invention. 

25 Also included in the present invention are methods of co-administering the 

presently invented TPO mimetic compounds with further active ingredients. 

n FT A II HP DESCRIPTION OF THE INVENTION 



30 



This invention relates to compounds of Formula (I) as described above. 
Preferred among the presently invented compounds are those having Formula (II): 
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inWhiC Rl R2 R3 R4 an d R5 are each independently selected from the group consisting 
of: carboxylic acid, sulfonic acid, hydrogen, C,. 6 alkoxy, C^alkyl and halogen; 

R6 is selected form the group consisting of: hydrogen, alkyl, cycloalkyl, C,- 
C^aryl and substituted alkyl; 

R7 is selected form the group consisting of: hydrogen, alkyl, cycloalkyl, C,- 
10 C 12 aryl and substituted alkyl; 

m is 0 - 3; and 

AR is cyclic or polycyclic aromatic C 3 -C 14 , optionally containing from one to 
, 5 three heteroatoms, provided that when C is 3 the aromatic ring contains at least 

two heteroatoms and when C is 4 the aromatic ring contains at least one 
neteroatom, and optionally substituted with one or more substituents selected 
from the group consisting of: alkyl, substituted alkyl, C,-C 12 aryl, substnuted 
cycloalkyl, substituted Cl -C 12 aryl, aryloxy, -NR"R» hydroxy, alkoxy, 
20 cycloalkyl, amino, nitro, cyano, halogen and protected -OH, 

where _ 
Rl 1 is selected f,om .he group consisting of: hydrogen, alkyl, cycloalkyl, C,- 
C 12 aryl, substituted alkyl, substituted eyeloalky. and substituted C,-C, 2 aryl, and 
pharmaceutical* acceptable sal.s, hydrates, solvates and esters thereof. 

" Particularly preferred among the preseut.y invented Formula I. compounds are 

those in which Rl, R* *>. R< - R 5 » independently selected from carboxyhc 
«M. sulfonic acid, hydrogen, C,. 3 alkoxy, C.^alky, and halogen; 1S - ~ ^ 
hydrogen, alkyl and substituted alky.-. R> is se,ected form hydrogen, alkyl and substttuted 

-6- 
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alkyl; m is 0; and AR is selected from naphthalene, phenyl, pyridine and pyrazole, and 
optionally substituted with from one to three substituents selected from the group 
consisting of: alkyl, substituted alkyl, Ci r C )2 aryl, substituted C 1 -C 12 aryl, hydroxy, 
amino, -NR 1 'R 1 ', alkoxy and halogen, 
5 where 

Rl 1 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, C\- 
C^aryl, substituted alkyl, substituted cycloalkyl and substituted Ci-C^aryl; and 
pharmaceutically acceptable salts, hydrates, solvates and esters thereof. 

10 Preferred among the presently invented compounds are: 

2-(3-[2-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(3-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

1 5 2-(3-[3',4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazoIe-5- 
sulfonic acid hydrochloride; 

2-(3-[3'-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(3-[3-Trifluoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazoIe-5- 

20 sulfonic acid hydrochloride; 

2-(3-[4-Fluorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(3-[4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

25 2-(3-[ 1 *-Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(3-[ 1 '-Naphthalenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(3-[3'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

30 acid hydrochloride; 

2-(3-[3-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphthll,2-d]imidazole-5-sulfonic acid 

hydrochloride; 

2-(3-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic acid 
hydrochloride; 
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2-(3-[2'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

5 2-(3-[3',4'-Dimethylpheny!]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5- 
sulfonic acid hydrochloride; 

2-(3-[3'-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphthtl,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3-Trifluorornethylphenyl]-2-rnethoxypheriyl)-9-hydroxy-riaphth[l,2-d]irnidazoIe-7- 

10 sulfonic acid hydrochloride; 

2-(3-[4'-Huorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

15 2-(3-[l , -Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[r-Naphthalenyl]-2-methoxyphenyI)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-suifonic 

20 acid hydrochloride; 

2-(3-[3'-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 

hydrochloride; 

2-(3-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

25 2-(4-[2'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphthtl,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[3',4-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 

30 sulfonic acid hydrochloride; 

2-(4-[3'-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(4-[3'-Trifluoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 
sulfonic acid hydrochloride; 
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2-(4-t4-Fluorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-t4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

5 2-(4-[ 1 '-Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[r-Naphthalenyl]-2-methoxyphenyl)-9-hydroxy-naphthtl,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[3'-ChlorophenyI]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

10 acid hydrochloride; 

2-(4-[3'-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic acid 

hydrochloride; 

2-(4-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

15 2-(4-[2'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[4'-MethylphenyI]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[3',4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 

20 sulfonic acid hydrochloride; 

2-(4-[3-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

acid hydrochloride; 

2-(4-[3 -Trifluoromethylphenyl]-2-methoxypheny l)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7- 

sulfonic acid hydrochloride; 
25 2-(4-[4'-Fluorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[l -Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 

30 acid hydrochloride; 

2-(4-[l-Naphthalenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

acid hydrochloride; 

2-(4-[3-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

-9- 
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2 . ( 4-,3VNUrc,phe ny ,,-2- met hoxypheny,)-9.h y d ro x y -naph l h [ ..2-d, i n, i da 2ol e.7- S u.f„„ic a c i d 

hydrochloride; 
2-(4-phcnyl-2-^ 

hydrochloride; . 
5 2-(3-[2'.Me l h > lphenyl]-2-hydrox y phenyl>9-h y dr„xy-nap hl h [ 1,2-dl, m idazole-5-sulfon,c 

acid hydrochloride; 

2K3-[4^Methy.pheny.]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d] 1 rnidazole-5-sulfon,c 
acid hydrochloride; 

1- O-tS'^'-Dimethylphenyn-Z-hydroxyphenyD-g-hydroxy-naphthtl^-dlimidazole-S- 

10 sulfonic acid hydrochloride; _ 
2K3-[3VTrifluorornethylphe n yl]-2-hydroxyphenyl)-9-hydroxy-naphth[1,2-d]irn 1 d a zole-5- 

sulfonic acid hydrochloride; 

2- (3-[4'-Buorophenyl]-2-hydroxypheny.)-9-hydroxy-na P hth[l,2-d]imidazo.e-5-sulfon 1 c 
acid hydrochloride; 

15 2 - ( 3-[4'-Ch.orophenyl]-2-hydroxyphen y l)-9-hydroxy-na P hth { l,2-d] 1 midazo,e-5-sulfon 1 c 

acid hydrochloride; . 
2K 3-[lvDiben ZO furan y l]-2-hydroxyphenyl)-9-hydroxy-naphth [ .,2-d]irnidazole-5- S ulfon I c 

acid hydrochloride; . 
2-(3-[r-Naphthalenyl]-2-hydrox yP hen y .)-9-h y d r oxy-na P hth[l,2-d]imidazo«e-5- S u.fon,c 

20 acid hydrochloride; „ .■ 

2-(3-[3'-Chlorophen y l]-2-h y droxyphen y l).9-hydroxy-naphth[l,2-d]imidazolc-5-sulfon 1 c 

acid hydrochloride; 

2.(3.(3^^-2^ 

hydrochloride; 

25 2-(3-phen y l-2-h y dr 0 xypheny.)-9-hydroxy-n a phth[l,2-d]imidazole-5- S ulfon,cac,d 

hydrochloride; . 
2K3-[2-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-n a phth[l,2-d]irnidazole-7- S ulfon,c 

acid hydrochloride; 

2-(3- [ 4^Me,h y .phe„ y .]-2-h y drox yP he„ y l)-9-hydroxy-naph t h[l,2-d) i mid aZ olc-7- SU .fo„,c 

30 acid hydrochloride; 

2-(3-[3',4'-Dimethy.phenyl]-2-hydroxyphenyl)-9-hydroxy-naphth t l,2-d)imidazole-5- 

sulfonic acid hydrochloride; 

2-(3-t3'-Trifluoro m ethylphenyl]-2-hydrox y phen y l)-9-h y dro Xy -naphth[l,2-d]i mi da Z ole-7- 
sulfonic acid hydrochloride; 

- 10- 
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2-(3-[4-Fluorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imiclazole-7-sulfonic 
acid hydrochloride; 

2-(3-[4-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-suIfonic 
acid hydrochloride; 

5 2-(3-[r-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphthtl,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[l'-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
10 acid hydrochloride; 

2-(3-[3 -Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

2-(3-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

1 5 2-(4-[2'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[4'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[3'-Hydroxyphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
20 acid hydrochloride; 

2-(4-[4'-Fluorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[4'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

25 2-(4-[l'-Dit>erizofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[ 1 '-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
30 acid hydrochloride; 

2-(4-[3 -Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

2-(4-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 
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2 . < 4- l 2--Me,h y ,ph e „ yll .2.hydrox, phe n, 1 >9-h y droxy.naph,hU>d) i midazo,e-7-su,fo„ic 
acid hydrochloride; 

2 . ( 4. [ 4,M M hy 1 p ke n y l 1 -2-hydro^ph e n y 0-9-h,drox y -na P MhU^ ]M aazo,e.7- S u,fon,c 
acid hydrochloride; 

5 2 . ( 4. [ 3-.H y d r ox y ph E n yl )-2-h y drox y phe ny l)-9-h y d I o, y -naph, h [ 1 ,2-d] i n,ida,ole.7-su 1 fon,c 

acid hydrochloride; . 
2 . ( 4-l4'-F.uorophen y .]-2-h y drox yP hen y .)-9-h y dr < >x y . n ap h ,M l .2-d] im Mazo,c-7-su 1 fon,c 

acid hydrochloride; . 
2 . ( 4. [ 4--Ch,=rophcn y ,)- 2 -h y drox y ph=„ y l)-9- hy d,ox y - n ap ht hl 1 , 2 -d]™ 1 d^o 1 e-7- Sl , 1 fon,c 

10 acid hydrochloride; 

^r-DU^ofaran,^^^ 

acid hydrochloride; . 
2 . ( 4- [ r-N»ph.ha 1 e„ y .,- 2 - hy drox yP hen yI )-9.h y drox y .nap h ,he.,2-d, i mida 2 o 1 e.7-su,fo„,c 

acid hydrochloride; . 

15 j.^Ch.orophen^^ 

acid hydrochloride; . 
2K 4. [ 3^NU ro phe„ y 0-2-h y drox y phe ny 0-9-h y d r ox y -„aph,h [1 .2-d ! ™ i da Z o 1 c-7-su.fon,cac,d 

hydrochloride; 

2-(4-pheny.-2-hydrox y phen y .)-9-hydro X y-naphth[l,2-d]im,d a zole-7-su«fon 1 cac 1 d 

20 hydrochloride; 

2-,3-phen y l-2-n,«hox y phe„ y 0-9-h y drox y -naph,h [1 ,2-d li mida 2 o 1 e-7-< : arbox y hcac,d 

hydrochloride; , 

carboxylic acid trifluoroacetate; 
25 2-(3-[3' > 4'-dimethylphenyl]-2-hydro X yph e nyl)-9-hydroxy-naphthll,2-d]imidazole-7- 

carboxylic acid trifluoroacetate; 

^(l^^-dimethylphenyn-S-methyl-S-hydroxy-lH-pyrrazole^-yD-P-hydroxy-SH- 
na P hth[l,2-d]imidazole-7-carboxylic acid trifluoroacetate; 
2- ( ,4.ydroxy-2-naptt^^ 
30 trifluoroacetate; 

2 . <2 . pyri din yl )-9-h y drox y -na P h.h [l , 2 -d,i m ida 2 o.e-7-caH,ox y Ho add trifluoroace,a,e, 
2 - ( 3^4•-d im e l h ylb i ph =n y l-3- y .)•9■h y d,ox y -3H-„aph l hol 1 .2-d, i m i da ^ o 1 e.7-su. f on i cac,d 

hydrochloride; 

2 -biphe ny .-4- y l-9.h y d ro x y -3H-naph th o [ .,2-d].m,dazo l e-7-su 1 fo„ i cacidh y droc hl o„d e ; 
- 12- 
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2 . ( 3.,4,d imel by 1 b i ph«n y |.4.y0-9-h,drox y -3H-.aph, h o [1 .2-d„n,idazo.e-7-s ul fon i cac 1 d 
trifluoroacetate; 

2 . ( 4-.,e n .b U .y.b i phe„y.-3-y 1 )-9-hyd ro „-3H-naph t hot,.2.d 1 ,m i di Z o te -7-su,fon,cac,d 
trifuoroacetate; 

5 2 .[3. ( 4. I e n -b» t ylb=n,y 1 ox y ,-phe n y.)-9.hyd,oxy.3H-naph,hoi,.2-d] iral d B ol e .7.su,fo„,c 
acid hydrochloride; 

2 . l 3-(3-tn fl uo ro meth y .benzyloxy)-pheny»]-9-hydroxy-3H-naphtho[l>d]irn,d,zole-7- 

sulfonic acid hydrochloride; . 
2 . I 3<3>d inK .by 1 ben,y,oxy)-ph e nyn-9-hyd,o,y-3H-napb,ho[ 1 ,2-d, imi d i zo,e-7-su 1 fo„,c 

10 acid hydrochloride; 

2 . ( 3..4'-d im e,by.biph.ny,.3-yl)-9-hydroxy-3H.n.pb,bo [l .2-d] imi da Z o 1 e-7.ca I boxy 1 ,cac,d 

hydrochloride; 

2 . ( 3'.4--d i n,e,hy,b i phen y .-4-y.).9-byd t oxy.3H.naph,bo[,,2-d ) i,n i da Ml e-7- C arboxyl K aad 
trifluoroacetate; 

15 2 . ( 4,,e n -bu, y mipbe„y 1 - 3 -yl)-9-hyd ro xyOH- n aph,bo[.,2.d, i n, i da 2 o.e-7-ca t boxyUcac,d 
trifluoroacetate; 

9-hydroxy-2-(3-phenoxyphen y .)-3H-naphtho[l,2-d]imidaxole-7-carboxyhc a c ld 
trifluoroacetate; 

3-[2-(3',4'-dimethylbiphenyl-3-yl)-9-h y drox y -3H-na P htho[ 1 ,2-d] imidazo.e-7- 
20 sulfonylamino]-benzoic acid; 
KW 4'-dirne^ 
piperidine-3-carboxylic acid; 

( S)-l-[2<3^4:-di m eth y .-biphen y l-3- y l)-9-h y droxy-3H-naphtho[l,2-d]irnidazole-7- 

sulfonyll-pyrrolidine-2-carboxylicacid; 
25 ({ J-^'-dimethylbiphenyl^-yl^-hydroxy^H-naphthoU ,2-d]irnidazo.-7-yl]- 

methano y l}-amino)-aceticacid; 

(S> 2-aH2-w^^^ 

methanoyl}-amino)-propionicacid; 
(lK 2-^din.ethy^^ 
30 methanoyl}-methylamino)-aceticacid; 

(S) -HH2^4'-dimeth y ^^ 

methano y l}- Py rrolidin e -2-carboxylicacid; 
methanoyl }-amino)-pentanedioic acid; 

-13- 
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^e^-tert-butylphenyD-pyridin-Z-yn^-hydroxy^H-naphtholl^dlimidazole-?- 
carboxylic acid; 

2 . [5 . ( 3Adichl°,ophe„y0fi™^^ 

acid; 

5 2-[5-ben Z a[b]chiophen-2- yl -furan-2-y.]-9-hydrox y -3H-n a phth o[ l,2.d]i m idazole-7- 
carboxylic acid; 

g-Hydroxy^-tS-C^tert-butylphenyD-furan^-yn-BH-naphthotl.l-dlimidazoie-T-carboxyhc 

rHydro X y-2-[4-(4-tc rt -butylphenyl)-fur^ 
10 acid; 

^[SKB^dimethylphenyD-furan^-yll^hydroxy-BH-naphthotl^-dlim^azole-T- 
carboxylic acid; 

2 . [ 4-(3,4-dimethylphenyl)-furan-2-y.]-9-hydroxy-3H-naphtho t 1.2-d]imidazole-7- 
carboxylic acid; 

15 2 . [ 5<4-ten-bmyl P henyl)-thiophen-2-y.]-9-hydroxyOH-na P htho[1.2-d]i m id aZ o.e-7- 
carboxylic acid; 

^^(^en-butylphenyD-thiophen^-yll^-hydroxy-SH-naphthol.^dl.midazole-T- 
carboxylic acid; 

2. [ 5-(3,4-dirnethylphenyl)-thiophen-2-yn-9-hydr 0 xy-3H-naphtho[l,2-d]im 1 dazole-7- 

20 carboxylic acid; 

2- [ 4-(3,4-d 1 meth y lphenyl)-thiophen-2- y l]-9-h y droxy-3H-naphtholl,2-d]im 1 dazole-7- 

carboxylic acid; 
^^ten-butyl-e-n.thoxy^ 
carbox y lic acid; 

25 ^^'-.ert-butyl-^nuoro-biphenyl^-yll^hydroxy^H-naphthotl^-dlimidazole^- 
carboxylic acid; 

2-t4'-tert-bu«yl-4-fluorobiphenyl-3-yl]-9-hydrox y -3H- n aphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2 - [ 6-f^u 0 rc,3^4■-di m eth y lbip h en y 10- y l]-9-h y drox y -3H-na P htho[l,2-d]irnidazole-7- 

30 carboxylic acid; 

2-[4-flu 0 ro-3',4'-d 1 methylbipheny.-3- y l]-9-h y dr 0 x y -3H-naphtho[l,2-d]im I dazole-7- 

carbox y lic acid; 

2 . [ 4-.,nnuor» ra e l h y ,b ip hen yl .3-y.]-9. h y<iroxy-3H.„aph I Ko [ ,>d, im idazo 1 e.7-c» rt ,oxy.,c 
acid; 

- 14- 



Jfe ^PpCT/USOO/33432 

WO 01/39773 

acid; 

^W^hy.p^^ 
"r5-b.n Z o W hiop h e».2. yl . to a n -2- yl] -9-h y drox y .3H-naph t Ml>d,, m idazo,.-7. 

^•,e n -bu«yl-6^^ 

35 ^^m^^^ 



7-carboxylic acid; 

- 15- 
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MC 4- fl uoro-4Mrinuorom.,hylb^^^ 
5 h^u— 

,0 2 . ( 4--carb<,xy-3-- m e.hy.b i p 1 ,e„y,-3-y 1 )-9-hydroxy-3H- n aph,ho[,.2-<«, m .dazc,e-7. 
^Lorc^meth,^^ 

15 ;:;M4. t e n -b»,y.p^ 

20 ^-fluo^-yi^^ 

and f 
ptam.~eutic.lly actable sails, hydni.es. solvates and es.ers thereof. 

By the terra "protected hydroxy" or "protected -OH" as used here.n. .s mean, the 

25 in the art as described in "Protective Groups In Organic Synthes.s" by Theodora W. Greene, 
; ey-lnterscienee. 19SL New Yorl, Compounds co„,.inin g protected by droxy groups 
m ay also be usefn, as intermediates in me preparation of the pharmacent.ca.ly act.ve 
comDOunds of the invention. . 

By the term "a,,," a, used herein, unless otherwise defined, is mean, a cycbc or 
30 po.ycycUeacoma.icnngconudnin^rom 1 ,o ,4 carbon a.oms and optional., conta.mng 
rom one ,o five he,eroa,oms. provided that when the number of carbon atoms ,s , the 

aromauc ring contains a, .eas, ,hree heteroa,oms, when ,he number of carbons ,s 3 ,he 
aroma,ic„n g co„uin S a,,eas„wota_sandwhen,tanumberofcarbona,oms,s4 

35 the aromatic ring contains a, least one heleroalom. 
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By .he ,em, -C,-C 12 ar,1- as used herein, unless otherwise defined, is mean, 
phenyl, nlph.ha.ene. 3,4- m e.h„e„ediox y phe„ yl . pyridine, biphenyl, „uino.ine, pynm.dme, 
„„i„,ro,ine. .hiophene. furan. pyrrole, pyrazole. imidazole and ,e,razole 

By .he .erm •subs.i.u.ed" as use. herein, unless omerwise defined. ,s mean, .ha .he 

Jroxyalkyl. alkoxy. acyloxy, alky., amino. N-acylam,no. hydroxy. ^ • 
-S(0)„R'. ni,r„. cyano. halogen. .rifluorome.h,l and pro,ee,ed -OH. where g ,s 0-6. R ,s 
hvdro.en or alkyl.n is 0- 2 , and R 1 is hydrogen or alkyl. 
" By .he L. -alkoxy" as use, herein is mean, -Oalky, where Iky, , as descnbed 
10 herein including -OCH 3 and -OC(CH 3 ) 2 CH 3 

The .erm "cycloalkyl" as used herein unless o.herw, S e defined, ,s mean, 
noaaroma.ic, unsa.ura.ed or sa.ura.ed. cyclic or polycyclic C 3 -C 12 . 

Examples of cycloalky, and suhs,im.«d cycloalkyl subsuruems as use, here.n 
include: cyc.ohexyl, 4-hydroxy-cyclohexyl. 2-e,hylcye.ohexyl, propyl 4- 
15 memoxycyclohexyl. 4-me,hoxycyc,ohexy,.4-carb»xycyelohex y l and cyclopen yl. 
' 'b .he .el -acyloxy" as used herein is mean, -OC(0,a,ky, where alky, ^ 

describe. herein. Examples of acyloxy subs.i,uen.s as used herein include: -OCCO)CH 3 .- 

OCfC»CH(CFh)2 and -OC(0)(CH 2 )3 CH 3- .... 
B .he L "N-acy,amino" as used herein is maun. -N(H,C(0,.,kyl. where alky, ,s 
20 as described herein. Examples of N-,cy,amino subsnbaems a, used herein ,n=,ud=: - 
N<H)a0)CH 3 .-N(H)C(O)CH(CH 3)2 and-N(H)C(OXCH 2 ) 3 CH 3 . 

( W By,he K rm"ary,oxy"asusedhere i n i sme.n.-OC 6 -C 12 ary,wbereC 6 « 
phenyl naph.hyl, 3,4-memylenedioxyphenyl, pyridyl or bipheny, oprionally subsuru. d 

25 alkoxy. ,rifulorome.h y l, ac y lox y , amino. N-acylamino, h y drox y , -<« 2 )gC(0)OR . 

c y ano, halogen and proved -OH, where g is 0-6, R<> , hydrogen or a*,,. 
LI2 and R' is hydrogen or alkyl. Examp,es of ary,oxy subs.iruen.s as used here.n 
include: phenoxy, 4-fluorophenyloxy and biphenyloxy. 

By ,he ,erm"he,eroa,om" as used herein is mean, oxygen, ndrogen or sulfur. 

By ,h« .erm "halogen" as used herein is mean, a subs.i.uen, se.ec.ed from brom,de, 

iodide, chloride and fluoride. . ■ 

By , he , erm "alky," and der.va„.es .hereof and in al, carbon ehams as used herem 

carbon a,oms. Examp.es of a,ky, subs,i,uen,s as use. herein 

^H 2 -CH 2 -CH 3 .-CH ( CH 3 , 2 ,-C(CH 3 , 3 ,- ( CH 2 , 3 -C H3 ,-CH 2 -CH(CH 3 , 2 aud-CH ( CH 3 , 



35 

CH2-CH3, -CH=CH 2 
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By the term W and derivatives thereof as used herein, is mean, prophv,a,.c 
rings of the naph.himidazole derivarives are lettered as follows: 




The novel compounds of Formula 1 are prepared analogously to .he processes 
The novel compounds ^ m ^ AR are aj 

d ef,„ed in Formu!a 1 and prov.ded that the * , ^ ^ ^ 
starting materials by those of skill in the art. 
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OH NH 2 



S0 3 H 



When R - SG3H 0 — « «* ^ N ° HC ° 3 ' ^ ^ 

ice; ni) SnCl 2 , Aq. HC1, heat. 

Scheme 1 onUine, .he predion of .he Amines used in ,he formafW 

as their dihydrochlonde salts. 

-19- 
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OMe 



OH 



A," — 

rA,B(0H) 2 ,N a2 CO 3 ,wa Kr , W Ph3,4.aio«ane.he a , ;i i)BBr 3 ,CH 2 a 2 

----- r^rrr^ 

„ ,„e preparation of FomuU , compounds as shown . • A 

aqueous sodmrn carbonate. Pall ^ then subjecled to 

BmE «,a W re. ^ ^ ^ ^ ^ awvc benKnc mojety can * repla „a by 
ano-he, moie,, suon as: fnran. .niophane. pyridine. pyrazo.0 and 





D ArCHO, EtOH, HaHS0 3 , water 

Schememou.Hnasap^onofcon.ponndsofFormn.a,. 
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solvent such as aqueous ethanol at successive washings 

10 TPO mimetic compound, as descr, _ ; hemolherap> .i„duced thrombocytopenia and 
known to .tea, thtombocytopenta, mclud.ng hernoth P» ^ 

„ ssssss » 

and another compound may be adm.mstered orally^ ^ ^ ^ . ^ 

condition, with depressed platelet production. ^ ^ ^ 

20 In determining potency as TPO mimetics, the following 

T^o ~ an close.y match the pattern of STAT (signa, 

Wtro prohferation assay nsing the murme ,2D-mo, ce» ^ ^ ^ ^ 

presence of TPO. Utewtse. some of them. «P _ ^ bone maITOW 

with test compounds for 1U aayb a 
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5 Some of the preferred compounds with. . the 

lu c,ferase assay. The preform oand of * rf ^ 

of32 ^ p U t ,U,u— » ^.^rarionofOO, 

; n vemionalsoshowedacnv,ty.ntheCD41megaKry 

10 '° M ^Wirh, rhe scope of .he inveouon Conrad ,4 showed ac«va,io . - » - 
luciferase assay. treating thrombocytopenia and 

20 hJo.h.hed.o,,— ,o„,, 

subcmaneous, i-tadenoal. aod paremerai. ^ grated 

T*e pharmaceu.icaHy acove ^ SoUd or 

irao c on,e„ie„, dosage forms so* as c^de.^, .ac.ose, ca^on, 
liquid phannaceuuca, capers are employed. Sohd earners ^ 

a „d srearic acid. Liquid carriers mc.ude syrup, peanu, o 1, ^ 
Simi.ar.y. rhe carrier or di,ae„, may inOude any prolog ~ ^ ^ ^ 

- 

nonaqueous liquid suspense. _ conven tional techniques of a 

The pharmaceutical preparations are made fo »° W,ng when necessary , 

„ tsssssssssssst. — 

desired oral or parenteral products. 
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• ... described alxivewiH be an efHcacious. nontoxic quantity 

pharmaceutKa, dosage on., as descnbed ^ 
preferably selected from the range of 0.001 .00 rng/Kg^ 
0 001 - 50 mg/kg. When treating a human par.ent ,n need of a TPO m,m . 
5 rUn^fe-y^ 

dosages is preferred. Parenteral adm.n.strauon, at h.gh dosages, 

=^ 

^.ill^ 
30 '^inuenuon.Uoprov^ 

30 .reatJof.hrornhocytopeniawhichcomprisesacompoondofPo.mul.CDanda 

*~Z2Z r^foraphn^aceo.ica.cornpositionfort.soinenhanciog 

i„ven,icn are administered in accordance with the present invenhon. 



PCT/US00/33432 



be 



In addition, the pharmaceutical^ active compounds of the present invention 
co-administered with further active ingredients, such as other compounds known to treat 
thrombocytopenia, including chemotherapy-induced thrombocytopenia and bone marrow 
transplantation and other conditions with depressed platelet production, or compounds 
known to have utility when used in combination with a TPO mimetic. 

Without further elaboration, it is believed that one skilled in the art can, using the 
preceding description, utilize the present invention to its fullest extent. The following 
Examples are, therefore, to be construed as merely illustrative and not a limitation of the 
scope of the present invention in any way. 

Ex perimenta l Details 



Pr oration of 2-(^-r?---Methvlph envn-2-m ethoxvphpn Y l)-Q-hYdroxv-naphthri 1 2- 
rnimidazole-S-^lfonic aci d hydrochloride (Compound 1) 

a) 2-methoxy-3-(2'-methylphenyl)benzaldehyde: 

A solution of 3-bromo-2-methoxybenzaldehyde (0.43 g, 2mmol), 2- 
methylphenylboronic acid (0.326 g, 2.4mmol), 2M aqu. sodium carbonate (2 mL, 4mmol) 
and tetrakistriphenylphos P hino P alladium(0) (0.025 g) in 1,4-dioxane (30 mL) was stirred 
and heated under reflux under a nitrogen atmosphere for 24h. 

The reaction mixture was cooled and suspended between ethyl acetate and 3M aqu. 
hydrochloric acid (30 mL). The phases were separated and the aqueous phase was further 
extracted with ethyl acetate (3 times). The combined organic layers were dried over 
anhydrous MgS0 4 and concentrated under reduced pressure to give the title product. (0.42 
g, 80%). MS(ES) mix 227 [M+H] . 

Follow the procedure of example la), except substituting 

4-methylphenylboronic acid 

3,4-dimethylphenylboronic acid 

3-methoxyphenylboronic acid 

3- trifluoromethylphenylboronic acid 

4- fluorophenylboronic acid 
4-chlorophenylboronic acid 
1-dibenzofuranylboronic acid 
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1- naphthalenylboronic acid 
3-chlorophenylboronic acid 
3-nitrophenylboronic acid 

3-pheny.boronic acid f or4-me.hy.pheny,boron.c acid, .he foilowing compounds 

were generated: .m 

2- m o,hox»-3-C4-. m «K y ,phony.)benzaldehyde,MS(ES, m /a227 [ M + H,. 

2.methoxy-W4--dime,hy,phenyl)benza,dehyde, MS(ES) m/z 24, [M+HJ. 
2.me.hoxy^m.,hoxypheny.)benzaldeh y de, MS(ES) m/z 243 [M+H]- 
2-me,hoxy-3-(3'-trinuoron,«hylph«ny.)benza,dehydc, MS(ES) m/z 28. IM + H). 
2- m c.hoxy.3-(4--nuon.pheny 1 )bcnza,dchyde,MS(ES)m/z23HM + Hl. 

1- mchoxy^-cldcophenyDbcazaldehydo, MS(ES) m/z 247 [M+H]. 

2- m e,hozy.3- (I •■d.beazofuranyDbenzaldenyde, MS(ES) m/z 303 [M+H], 605 

2-l"boxy-3-(r-napb.baUnyl>be„za.dehyde, MS(ES) m/z 263 [M+H]. 
2.mc t boxy-3-(3--chlorophc„yl)beaza.dehyde. MS(ES) m/z 247 [M+H], 
2.me,hoxy-3^nitrophenyl)benzaldehyde, MS(ES) m/z 258 [M+H]. 
2-methoxy-3-phenylbenzaldehyde. MS(ES) m/z 213 [M+H]. 

b) 3 ,4-Diamino-5-hydroxy-l-naphtha.ene sulfonic acid dihydrochloride: 

AsHr md solution of p-banzenediazonium sulfonic acid, wasprepamdby.be 

water (10 mL> followed by addition ,o ice (6.0 g) and concen.ra.ed HC, (1.1 mL, 37 
Af ,er 30 nun. of s.andin g a. 0 *C 4-amino- 5 .nydroxy- .-naphthalene sulfonic ac.d (1.2 g. 

, overyear,. The reaction mixture was warmed to 50 °C and sodium ro 

15 , m mo,e)wasaddedand.hereac.io„w a s S .i m dfor4hours.rnereac,,onwasf,l,« 

„ d the precipitate was washed with water, methanol, and ether to g.ve the ,,,.e compound 

(0.64 g; 53%) as a red solid. MS(ES) m/z 255 [M+H]. 

0 c)2-(3[2'-Me,h,.phenyl]-2-me.hoxypheny,,-9.hydroxy-naph.h[,,2-d,im,dazo.e-5-sulfon,c 

" dhy ta„Ca,edso^ 

„ ,4 mmo„ in EtOH (0.80 mL) was added 3,4-d,amino.5-hydroxy-,.naph0,a,ene sul on.c 
acid d,hydroch,oride (0.033 g. 0,0 mmol, and sodium bisulfite (30 mg, in ware, (0.20 
- 25 - 
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^THeso^onwasheatedtoeO-CandagUatedovemigh, The solution was cooled to 
^tempe^^^ 

5 FoUowing the same procedure of Example lb), except substituting: 

2-methoxy-3-(4'-methylphenyl)benzaldehyde 

a-methoxy-S-O'^'-dimethylphenyDbenzaldehyde 

2-meihoxy-3-(3'-methoxyphenyl)benzaldehyde 

2-methoxy-3-(3'-trinuoromethylphenyl)benzaldehyde 
10 2-methoxy-3-(4'-nuorophenyl)benzaldehyde 

2-methoxy-3-(4-chlorophenyl)benzaldehyde 

2-methoxy-3-(l'-dibenzofuranyl)benz a ldehyde 

2-methoxy-3-(r-naphthalenyl)benzaldehyde 

2-methoxy-3-(3'-chlorophenyl)benzaldehyde 

following compounds were generated: 

Compos 2; 2K3- [ 4,Me,h yl phen,,^2- m e th ox,phen y »-9- hy d I ox y .„ a pMMU. 
20 flJL~-** ^^^^^^^ 

flJLb*-** acid ^ C0.028 «. 55 ., MS(ES, n,, 475 [M-HL 
Compound 6: ^-FWen^— ^ 

d]imidazole-5-sulfonic acid h y drochloride, (0.032 g, 64 %) MS(ES) m/z 463 
J „„ n d7 2 (3.[4--Chlorophe„ y l]-2-me,hox y phen y l)-9-h y drox y -naph.hll,2- 
C.mp. Un d7.2C3[4 y ■ , HNMR (400MHz, DMSO- 



MS(ES) m/z 479, 48 1 [M-H]. 
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******* <°-° 35 * 61 % > ms(k) ^ ! r 

Compound 9: M3.ir-Naph* a ,«n y n-2- m «hox >phe n >1 ,-9. hy d ro x y -nap h .h . 2- 
d^e-S-sulfonic ac,d hydmchloride. (0.034 g. 64 *> MS(ES) „* 49HM-H,. 

d]imidazole-5-sulfonic acid hydrochloride, (0.031 g. 60 %) MS(ES) * ^ & 
Compound U= ^(3- ! 3,NU r ophe„ y 1^2.ma t h„ X ypheu y l,-9-h y d r ox,.uaph2 U- 
d,imida*o,e.5-su,fonic acid hydrochloride, ,0.035 g . 66 *> MS(ES, n* 490 [M-H]. 
Compound 12: a-CS-P^l-.-^Ho^prieny^^-H^.o^-napH.H, , aj,—^ 

D MSO-d 6 „ 8 8.49 (d, 3 . 8.5Hz, ,H>. 8.36 (s, ,H>, S.,3 (d, ,- 7.7HX, .»>. 7.6<m, 3„), 
7.49 (m, 5H>, 7.15 (d, J = 7.4Hz. 1H). 3.38 (s, 3H). 

Fx ample 2 

smn ydaz 2 lc : Lsul!^ 

a) 7, S-Diamino-l-hyd^-naphthalene sulfonic acid dih y d,ochloride 
M A sdned solution of p-benzenediazonium sulfonic acid, was prepared b y the 

w a« K (10mL)fol.owedb y addi,ion.oice(6.0 g ) and concent HCUl.lmL, 37%,^ 
After 30min. of sending a t 0»C 7-amino-.-hyd ro xy-3-naph t ha 1 ene sulfon,c ac,d (1. S ^ 

25 ovemigr,. Thereacrionmixn.ewaswa^d.oSO-Candsodiumhyd^ 3 .0 g, .5.6 
lol^asaddedand.he.ac.ionwassri.edfoMhou.. 77* reacrion was fdtere^ 
*. piipiute was washed w„h water, meihanol. and e,her ,0 give ,he „«e compound (0.54 
g; 45%) as a red solid. MS(ES) m/z 255 [M+H]. 

30 b) W . M emy lp hen y »2-n«^ 

^^Ld^^ 

0,4 mmol, inEiOH (O.gOnd.) was added 7. 8- D .a m ,no,-h y dro,y-3-„aph t ha,e„e sulfomc 
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a cid ^hydrochloride (0.033 g, 0,0 mmo.) and sc4,um bisulfite ,0.03 g) in water (0.20 
mL) me solution was nea,ed to 60 °C and agitated overnight. The solution was cooled o 
_ l e ro pe ra ,u re >e t an^, P , Bt ewa siS o 1 a t ed by nn ra «o„andwa^^^ a " d 
ethyl acetate ,o prov.de Che title compound (0.0,5 g. 30 *> MS(ES, mfz 459 [M-H,. 

Following .he same procedure of Example 2b), except substituting: 
2-methoxy-M4 - -methylphenyl)benzaldehyde 
2-methoxy-3-(3',4'-dimethylphenyl)benzaldehyde 
2-methoxy-3-(3 , -methoxyphenyl)ben2aldehyde 
10 2 .methoxy-3-(3-trinuoromethylphenyl)benzaldehyde 
2-methoxy-3-(4 , -fluorophenyl)benzaldehyde 
2-methoxy-3-(4 , -chlorophenyl)benzaldehyde 
2-methoxy-3-(r-dibenzofuranyl)benzaldehyde 
2-methoxy-3-( 1 •-naphlhalenyl)benzaldehyde 
1 5 2-methoxy-3-(3 - -ehlorophenyl)benzaldehyde 
2-methoxy-M3--nitrophenyl)benzaldehyde 

2 .me,hoxy-3-pheny l be„ 2 a 1 debyde f or2-me l hoxy-3-(2--methylpheny,)benzaldehyde, 

the following compounds were generated: ,.„,,■ 
Compound 1 4:2-(3- [ 4-.Me.hylphenyl)-2-me,hoxyphenyl)-9-hydroxy-»«pb.h[l,2- 

20 dJimidazole-T.su.fonle acid hydrochloride, (0.020 g, 40 •> MS(ES) m,z 459 [M-H). 
Compound ISr^-^imcthylpheny^^^ 
djmtidazo^-sulfomc acid hydrochloride, (0.030 g, 59 «.MS*S> 
Compound .6= 2-(3M3'-Me,hoxypheny,,-2-rn,,boxyphe„y.)-9-hydroxy-n.ph.h,l> 
d,raidazo,e-7.su 1 fonieae i dhydrc,h 1 or i de,(0.030g,5 8 *)MS(ES,n^z475 t M-HV 
25 Corapound 27= ^(J-P'-Trifluoromethy^henyH^methoxyphenyD^hydroxy-napbthU^ 

d „midazo.e-7-su,f„n,c aeid hydrochloride, (0.025 g, 45 •) MS ( ES, m* 5.3 [M-H,. 
C„ m poundl8=2.(3. l 4--F 1 uoropheny.l.2.me,hoxyphen, 1 )-9-h,droxy.naph.h [ .,2- 

d ,,midazo,e-7-su,fonic acid hydrochloride, (0.030 g, 60 *) MS(ES) m/z 463 [M-H,. 
Compound 19= 2-(H4,Ch,or„phe„yn-2-memoxypheny„-9.hydr„xy-nap th, 2 
30 d„midaz„,e-7-su,fomc acid hydride, (0.020 g. 39 %) MS(ES) m/z479 4 M-H,. 
Com P o»nd20= ^.J-n^benzofurany^-methoxyphenyO-S-bydroxy-naphth,. 2- 
d,irnidazole-7-sulfonic acid hydrochloride, (0.035 g, 6, %) MS(ES) m/z 535 [M-H,. 
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Compound 21= 2-(3.[,'-Naph,h al e n yl]-2-m=.hc,xyph e nyl)-9.hydroxy-napK,h U ,2. 

d]im idazo.e-7-su,foni= a=id hydrochloride, (0.032 g. 60 %> MS(ES) m/z 495 1M-H]. 
C„ m p„ U „d 22: 2 - ( 3-t3'-Ch,o ro p h eny,)-2-me. h <,xy P heny l )-9-hyd ro xy-.aph.Kt, > 
dli(nid a Mlc -7- SU , f on i cac i d h yd ro c l „o ri de,(0.0,O g ,.9%)MS(ES) m / I 479,48 1 1 M.H 1 . 

5 Compound 23= ^-^-NUropheny^-memoxypheny,^ 

d)irato ,. 7 - S u lf on,ac i dHyd TOM or i dc.(0.020 8 .3 8% , 1 HNMRCd00MH DMSC- 

o „ 8 8.5 (s, .H). 8.33 (d, J = 8.1 Hz, ,H>, .... (d. . - 7.8H, ,H). 8,4 <d. = 7.8H, H), 
8 05 (d, 7 . 8.8 Hz, 1H». 7.9 <m, 4H). 7.58 (, 7 - 7.7Hz, ,H>. 7.44 „ 1H, 3.38 (s, 3H). 

MS(ES) m/z 490 [M-H]. 
10 Compound24=2-(3-pbe„y 1 -2-me, h oxyph«„y.,-9-hydr„,y-nap ht h[ 1 ,2-d],™,dazo 1 e.7- 

snlfonic acid hydrochloride, (0.005 g. 10 %) MS(ES) m/z 445 [M-H]. 



15 aessaismofi^^ 

,Hi tazo Ifonic acid hvdmrhloride (Compound 25) 

a) 2-me.hoxy-4-(2 -methylphenyflbenzaldehyde: 

A solution of 4-bromo-2-me.hoxybenzald.hyde (0.43 g, 2mmol), 2- 

20 me,h„pheny.bo,onic aeid (0.326 g , 2— 2M a Q u. sodium connate (2ml. 4mm„l> 
1 IlsL P he„ylphosphin„pal,adium(0, (0.025 g) in M-dioxane (30 m« was snrred 
and heated under reflux under a ndrogen a.raosphere for 24h. 

Tne reaction mixture « corded and suspended between e.h». acera.e and 3M a q u. 
hydr ochloric aeid (30 ml,. The phases were separated and .he aqueous phase was former 
25 ex.mc^wi.he.hyUee,a,e(3.imes>.Tbeeombinedorganic.ayer S werednedover 

anhydrous Mg S0 4 and concentrated under reduced pressure ,„ give ,he , me product. (0.42 

g, 80%). MS(ES) m/z 227 [M+H]. 

Follow the procedure of example la), except substituting 
4-methylphenylboronic acid 
30 3,4-dimethylphenylboronic acid 

3-methoxyphenylboronic acid 

3- trifluoromethylphenylboronicacid 

4- fluorophenylboronic acid 
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20 



25 



4-chlorophenylboronic acid 
1-dibenzofuranylboronic acid 
1-naphthalenylboronic acid 
3-chlorophenylboronic acid 
3-nitrophenylboronic acid 

3-pheny.boronic acid for 2-methylphenylboronic acid, the following 

compounds were generated: 

..^o^C^^Oben^yd, .H NMR <300MHz, CDC,,,, . 0.5 

(, 1H), 7.9 (d. J . 7.2Hz. 1H). 7.55 (d. t - 7.8Hz. 2H), 7,8 (m. 3H), 7.09 (, .H),4.0 (, 

3H) ' 24 ^ly-4. ( 3^-d, m e, hyl ph e n y 0^ 1 de h We.'HNM R (300 M „,C I X:,3)^ 
, 0 , (s . 1H) , 7 , (tJ „. 2 H, 1 H,,7.40 ( s,m),7, 8 (d. J =7,H 2 ,,H),7,3(d. I = 7,H, 

2H> 7 09 (s 1H), 4.0 (s, 3H). 2.33 (s. 3H). 2.30 (s, 3H). 

,0,( S , 1 H,7.9 ( d, J =7.2H,,H,7.4(,, J =6 :5 H,>H,,7.25( m .4H,,7.0 ( d. ] = 7.0H, 

' W ' 41 2 ( ™LT^ > n»o ro me , hy ,p h e n> ,) b e„ I a,de hy de.MS( E S,W,28. l M + H 1 . 
2. m e.hoxy-4-(4--n»orophe„ y .)be rZ a 1 de hy d=,MS(ES) m /z23l[M + Hl. 
2 .m«hox y -4-(4'-chlo,oph e n y l)benz«ldeh y de. MS(ES) m/z 247 [M.H). 
2.me, h ox y -4-(1--dibe„zofuran yl )benzalde hy de. MS(ES) m/z 303 [M + H1. 605 

2 2 I + 2 y -4-(r-n a ph 1 .a,en y ., l «nz a ,deh y de. >H NMR (300MH, CDC,3), 5 ,0.5 
,„,, 7.9 (m. 4H). 7.55 Cm. 5H>, 7,8 (d, , - 7.0Hz, .H). 7, (, .H,, 4.0 (, 3H). 
' 2-m=*cx^(3--ch l orophen y » t «nz a ldch y dc. MS(ES) m/z 247 [M+HJ. 
2-m=.hox y -4-(3--nUrophe» y .)b=»za!deh y d.. MS(ES) m/z 258 [M + H1. 
2-m=thox y -4-phenylbenzaldeh y de. MS(ES) m/z 213 [M+H]. 

b)W 2-Mem y .pne„ y *2^^^ 

0 m mmm) in E.OH ,0.80 mL) « added n2-d i .m in o-8. hy drox y -aaph,ha,e n ^,c 
acid dih y d,ocb,o,ide (0.033 g. 0,0 mmo„ and sodium bUuifne (0.03 8 ) in «* (0.20 
^ Thss „,m,onwas h eated,o60-Canda g Ua.edovemi g b,The S o«onwa SC oo 1 ed t o 
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Mhyl — o provide ^.mccon-pou™. (0.025 g .50*)MS(ES)^«9 l M-H ) . 

nf FxamDle 3b), except substituting: 
Following the same procedure ot txampie w/, 
5 2 -methoxy-4-(4--methylphenyl)benzaldehyde 

2-methoxy-4-(3',4'-dimethylphen y l)benzaldeh y de 
2-methoxy-4-(3-methoxyphenyl)benzaldehyde 
2-methoxy-4-(3-trifluoroniethylphenyl)ben2aldehyde 
2-methoxy-4-(4-fluorophenyl)benzaldehyde 
10 2 -methoxy-4-(4-chlorophenyl)benzaldehyde 
2 -methoxy-4-(r-dibenzofuranyI)be n zaldehyde 
2-methoxy-4-(r-naphthalenyl)benzaldehyde 
2-methoxy-4-(3'-chlorophenyl)benzaldehyde 
0 methoxv-4-(3 -nitrophenyl)benzaldehyde 

the following compounds were generated: 

O-*—*— acid M-n.oKde, (0.02! g, 42 *, MS(HS, nV, 459 ,M-H 
Lpounda^^-Din^^^ 

20 - w <0 035 8 - 68 %) MS( ^ T„ ' 

expound ^^■-Meu^pnen.W^ 

dlim ida 2 o.e-5-su.fon,c acid n y d,oct,,o ri de, (0.045 g. 88 .) MS(ES, 475 p*W 
C™p.und*=,(4- P --T_^^ 

^idazote-^fonic acid „ y dtoc h ,oHde. (0.03S g. 69 •> MS(ES, n* 5 3 
25 Compound 30= 

JtJ w™-lHe (0 0371! 74%) MS(ES)m/z 463 [M-H]. 
d ]in.idaK>,e-5-su1fon.c aod hydrochloride, (0.037 g, / 

Compound 3,= ^^.orophen^^^ 

d]im Lo,e- 5 — 

expound 32, *W*»-MV>~>*~^^ 
30 d.mid.^-su.ronica^^ 

Compound 33= 2^-Naph.naW 

flimidazoU-S-sulfonic acid h y droch,oride, (0.01S g, 34 » M^ES, n* 495 [M-H]. 
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Compound M^H-^oro^ 

dlimid ^.5-s ulfo n i c acWh5 ^ 1 oH d ca0.02 5g ,48*)MS(ES,^ 7 (M H,. 

JLw-*-e -id MrocMonde. ,0.038 , 72 MS(ES, ^490 » 
5 L P „„»d36:2,4-ph^2-«^ 

s^fonic acid hyd rc ch,onde, (0.033 g. 68 » MS(ES, 445 IM-H). 

F.x ample 4 

„, 4mm o„ in LH ( 0,0 m L,was a dded,,2-d,a m ,„o.8-h y d r ox y -„a phltal e„e.^ - 
c l y dLh,onde<0.033,0,0 mra o 1 , a ndsod, 1 , mb i S u 1 r, K (0.03 g ),nw a e r( „.20 

H]. 

20 Following the same procedure of Example 4, except substituting: 
2-m e thoxy-4-(4'-methylphenyl)b e nzaldehyde 
2-methoxy-4-(3',4'-dimethyl P henyl)ben Z aldehyde 
2-methoxy-4-(3'-methoxyphenyl)benzaldehyde 
2-methoxy-4-C3'-trifluoromethylphenyl)ben Z aldehyde 
25 2 -methoxy-4-(4'-nuoro P henyl)benzaldehyde 
2-methoxy-4-(4'-chlorophenyl)ben Z aldehyde 
2-methoxy-4-(r-diben Z ofuranyl)benzaldehyde 
2-methoxy-4-(r-naphthalenyl)benzaldehyde 
2-methoxy-4-(3-chlorophenyl)ben Z aldehyde 
2-methoxy-4-(3'-nitrophenyl)benzaldehyde 

the following compounds were generated: 



30 
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Compound 39= 2(4-13 ,4 D,m yp , ^ (400MHl , DMSO- 

• Jt blonde (0 027 g, 49 %) MS(ES) m/z 5 13 [M-H]. 
in ■ dlimidarole-7-sulfonic acid hydrochloride, (U-W' 8. 

r „d42- 2-(4- [ 4'-F,uor 0 phen y l]-2-methoxyphenyl>9-hyd r0 x y -naphch [ U2- 

Compound42.2(4[4 P 56 %) MS(ES) m/z 463 [M-H]. 

dlimidazole-7-sulfonic acid hydrochloride, (0.028 g, 

r d 44-2(4-[r-Dibenzofuranyl]-2-methoxypheny0-9-hydroxy-na P hth[«,2 
15 Compound 44. 2,(4 [1 MS(ES) m/z 535 [M-H]. 

J H46- 2 ( 4.[3'-Chiorophe n yU-2-me,hoxyphenyl)-9-hydr ! ,xy-n«ph.h[l,2- 

cll»„d4 7 -2-(4. ( 3--N it rophenyn-2-n,,.hoxyp h =nyl)-9-hydroxy-„ a ph,h,U- 
7 , 7 ul c acid hyd—e, <0.026 g . 49 *, MS(ES) 490 [M-H]. 

COmP °" nd ( h f / _ 020 . 4I „ 1 H NMR (400MHz, DMSO-d 6 ) 5 1.7 (d, J . 
(m. 4H), 7.45 (m, 2H). 4.14 (s, 3H). MS(ES) m/z 445 [M-H]. 



F.xample 5_ 



30 P Ii p^^M3^^ 



a)2-hydroxy-3-(2'-methyl P henyl)benzaldehyde: 
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f rther washed with water and brine- The organic* were combtned, dned 

m/z213[M+H]. 

Follow the procedure of example 5a), except substituting 
10 2-methoxy-3-(4'-methylphenyl)ben Z aldehyde 

Z-methoxy-S-O'.^-dimethylphenyDbenzaldehyde 
2-methoxy-3-(3 , -methox y phenyl)ben Z aldehyde 
2-m e thoxy-3-(3--trifluoromethylphen y l)ben Z aldeh y de 
2-methoxy-3-(4 , -fluorophenyl)benzaldehyde 
! 5 2-methoxy-3-(4'-chloro P henyl)benzaldeh y de 
2-methpxy-3-(l'-dibenzofuranyl)benzaldehyde 
2-methoxy-3-(r-na P hthalenyl)benzaldehyde 
2- m ethoxy-3-(3-chlorophenyl)benzaldehyde 
7 m ethoxY-3-(3'-nitrophenyl)benzaldehyde 



20 



25 



30 



the following compounds were generated: 

2 - hy drox y -3.(4'- m e.hylphen yl )b=n 2 aldeh y de. MS(ES) m/z 2 3 M + K,. 
.hLxy-J-O'A-dimethyiohenrtbenza^de. MS(ES> nVz 227 ,M + H] 

2 .h y drox > -M4'- n u„rophe„ y 0ben,a l deh y de,MS<ES)nV,2 1 7 l M + H 1 . 
^UoxyO-^hiorophenyi^dehyde. Ref: Bu,, Cent. Soc. Jp n., EN, 4ft 

r hy Lxy- 3 -(r-naph.halen y .)benz..deh y de. Ref: Bo,, Che- See. Jpn.. EN.40, 

1967 ' 38 rhraroxy-3-(3'-c h .oropheny 1 ,ben,a 1 dehyde,MS(ES, m /,233 1 M + H ! . 
^hydroxyO-P'-nitrophenyObenzaidehyde, MS(ES) m/z 244 IM + H]. 



1967,385-388 
2-hyd 
1967,385-388 
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2 - hydr ox y -3-phen y ,benza,deh yd e. *H NMR (300MHz, CDCI3) 51 1 5 (s, .1*9.9 
(s, 1H), 7.6 (m, 4H). 7.4 (m. 3H), 7.09(t, J = 7.5Hz, 1H). 

c ^ 

mL). The and washed Wlth 

l0 cooled to room temperature, the tan prec puat ^ 
water and ethyl acetate to provide the utle compound (0.043 g, 
H]. 

Following the same procedure of Example 5, except substring: 
15 2 -h y drox y -3-(4--meth y lphen y l)benzaldeh y d e 

2-h y drox y -3-(3',4'-dimeth y lphen y l)be nZ aldeh y de 
2-h yd rox y -3-(3'-trifluorometh y lphen y l)ben Z aldeh y de 
2-hydroxy-3-(4'-nuorophenyl)benzaldehyde 
2-hydroxy-3-(4'-chlorophenyl)benzaldehyde 
20 2-hydroxy-3-(r-dibenzofuranyl)benzaldehyde 
2-hydroxy-3-(l-naphthalenyl)benzaldehyde 
2-hydrox y -3-(3-chlorophenyl)benzaldehyde 

25 following compounds were generated: 

Compound 5.= WW-M-MP-^**^^ 
d^o.e-S-so^^^^^ 

30 flJLw-H** - <0046 6 ' 93 %} ' ,„„ I 

r Id 52- Z . ( 3-[3--Trinuorom«hy 1 phc„ y ,]-2-h y drox»phe„, 1 >9-h y droKy-nap„ th [ 1 .2. 



-35 - 



• ^PpCTAJSOO/33432 

Compound 53= ^^W^n^vW^^^-^' * 
d)imtote - 5 — acid hydrochluride. (0.04, g . ,00 MS(ES, ^ 
Compound 54= _ 
5 Compound 55= 2-(3-ir-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2- 

C.^ 55= 2 ,„,-NapH l Ha,e„yn-2-hyd rc xyp h e„y«-9- h yd ro ,y.„ap h . 2- 
d.imida^.su.onicacidhydroch^ 

Compound 57= 2-(3. [ 3--C M o t opHe„yn-2-nyd I oa,phan, 1 >9-hyd r oxy-nap h ,M 1 > 
,0 d lim Lo,e- 5 .a ulf oa i cac, h yd r . h W,da,(0.0 5 0, 1 00«MS ( ES,^.4 67[ M-H 1 . 

dKm.dazo.e-S-au.fonic acid hydrc<h,or,de. (0.05, „ 100 *> MS(ES) m* 476 [M-H . 
cLpau„d5,= M3- P He n y 1 -2-M r o,ypH=ny 1 >9. h ydroxy-nap h , h lU2-d 1 , ra da 2 o 1 a-, 

sulfonic acid hydrochloride. (0.032 g, 68 •) MS(ES) m/z431 [M-H). 

15 

f.xnmple 6 

PB^ci,,^^ 

Mn ^,..-,...^ acid hvdiocMoiidclComBaMAiffi ■'„„.„-„ 

„ ,4-nmon inErOHtf.SOmL.wasadded 1 ,2-d,a n ,,„o- 8 .hydro X y-oaph t hale„o.^n,c 
cJ d i hydLoHde(0.033 g ,0.,0 mm ol,»od S odiu mto ,r, K (0.03 „ - (0.20 
mL , T he S o,a t i„nwashea K d,o60=Ca„da gi ,a,ed„vor, 8 hoor S . The so, 
cooled ,o room remperamre. ,he ran precise was isol.ied by f.Urauon and was* - -* 

[M-H]. 

Following the same procedure of Example 6, except substituting: 
2.hydroxy-3-(4-m e thylphenyl)benzaldehyde 
30 2-hydr 0 xy-3-(3',4'-dimethylphen y l)benzaldehyde 

2-hydroxy-3-(3-trifluoromethylphenyl)benzaldehyde 

2-hydroxy-3-(4'-fluorophenyl)benzaldehyde 

2-hydroxy-3-(4-chlorophenyl)benzaldehyde 
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2-hydroxy-3-( 1 '-dibenzofuranyl)benzaldehyde 
2-hydroxy-3-( 1 '-naphthaleny l)benzaldehyde 
2-hydroxy-3-(3'-chlorophenyl)benzaldehyde 
2-hvdroxy-3-(3'-nitrophenyl)benzaldehyde 

the following compounds were generated: 

10 ^ „Jh).,, 5 (U-. 6 „ Z ,>H,., 5 ( S ,3H,MS(B S )^« 5 LM.H ) . 

„ a «• 2 <3 ,3-4-Dime.hylphe„yl1-2-hydroxyphenyl)-9-hyd,oxy- M ph.MI,2- 

d l )5 ,, 5 C m . 3 H,,7.42 ( s, 1 H,, M ( m ,4„>,7,,(a, J =7,H,,H,,08 ( U = 7,H, 
1H) 2 29 (s, 3H), 2.27 (s, 3H). MS(ES) m/z 459 [M-H]. 

C,np.u„d 64: 2-<3-[4«^y*2-Mn>^^^ 

d] Jdazo^-onic acd Kyd^oHde, (0.043 , 89 ,, MS ( BS) ™/, 449 

- * I - «."7* C, -H, 7,2 , I . 7.8Hz, >H, MSCBS, - 

465, 467 [M-H]- 

Compound 6,= 2-<3- l .-N.P«^ 

dlM d a zo,e-7- S0l ,P« i ca, 1 dhyd r ^cHde, ( 0.049 6 .9 5% ,MS< ES )^^H 1 . 
„„d6 8: ^^p.-CMo^eny^^ydroxyphenyO^hyd^y-nap^ ^ 

,„ r„ m »»und 69- 2-(3-l3--NitrophenyH-2-hydroxypl<enyl)-9-l,ydro«y-naphthll,2- 

d6)58 .54(s,>H,8,3(d. J = 6,H, 1 H)., 1 2<d, J = 7.0H, K 

= 7.5 Hz, 1H). 7.34 (s. I H), 7.16 (t, J = 7.7Hz, ,H). MS(ES, m/z 476 [M-H]. 
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Compound 70: 2 -(3-phenyl-2-^ 

sulfonic acid hydrochloride, (0.013 g, 29 %) MS(ES) m/z 43 1 [M-H]. 



Example 7 



5 



^mi^le-S-sulf ^ -iH hydrochloride (Compound 71) 

a)2-hydroxy-4-(2'-methylphenyl)benzaldehyde: 

0 The solution of 2-meth 0 x y -4-(2'-methylpheny.)benzaldehyde (0.226 g, Immo.) m 

.ethylene chloride was cooled down to -7 8 0 C and added boron tribromide (3 mL, 3mmol). 
The solution was warmed up to room temperature and stirred for 18 hours. The react.on 
nature was quenched with CH2C.2/H20 (2:1), the layers were seoerated and the orgamc 
lay er was further washed with water and brine. Theories were combined, ^ 

5 MUand C oncentratedtodrynessto gl vethetitlecom PO und,0.047^ 

213 [M+H]. 

Follow the procedure of example 5a), except substituting 
2-methoxy-4-(4'-methylphenyl)benzaldehyde 
20 2-methoxy-4-(3\4'-dimethylphenyl)benzaldehyde 
2-methoxy-4-(3 , -methoxyphenyl)benzaldehyde 
2-methoxy-4-(3 , -trifluoromethylphenyl)benzaldehyde 
2-methoxy-4-(4 , -fluorophenyl)benzaldehyde 
2-methoxy-4-(4 , -chlorophenyl)benzaldchydc 
25 2-methoxy-4-(r-dibenzofuranyl)benzaldehyde 
2-methoxy-4-(l'-naphthalenyl)benzaldehyde 
2-methoxy-4-(3'-chlorophenyl)benzaldehyde 
2-methoxy-4-(3'-nitrophenyl)benzaldehyde 
2-methoxy-4-phenylbenzaldeh y de for 2-methoxy-3-(2'- 
methylphenyDbenzaldehyde the following compounds were generated: 

2-hydroxy-4-(4'-methylpheny.)ben Z aldehyde, 1 H NMR (300MHz, CDC« 3 ) 61 1 .1 
(s , IH) , 9.9 (s, 1H), 7.6 (d, 3 = 7.2Hz, 2H), 7.55 (s, 1H), 7.3 (d, 3 = 7.5Hz, 2H), 7.28 (d, J = 
7.5Hz, 2H), 2.5 (s, 3H). 



30 
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2.hydro«,-4.(3'.4^ m «hylp^yl)benza 1 dehyde, 1 H NMR (300MHz, CDCI3) 
SU.I < S , .10.9.9* .H),7.6 ( d. J = 7.2H, 1H), 7.45 (d. J = 7.2H2, ,H).7.4(s, ,H».7.22 
(d J = 7 5Hz. 2H), 7.20 (s. 1H), 2.33 (s. 3H), 2.30 (s, 3H). 

2 . h ydJy4,3U lifl »o ro n« t hy 1 p h e n y0ben 2 a,de h yde, «H NMR (300MH, CDC,,, 

5 61 1 1 (s 1 H) 9.9 (s, 1H), 7.6 (br m. 5H), 7.2 (m. 2H). 

2-„ydroxy.4- ( 4,nu„,opheny.)benza.dehyde, ' H NMR (300MHz, CDCI3) 811.1 (s, 

1H1 9 9(s 1H), 7.6 (m,3H), 7.15 (m,4H). 

' 2- h ydro,y-4-(4,ch 1 or O phe„ y „b e „za,d e hyde. 1 HNMR(300MH,CDa 3 ) S1 ..l (s. 
W) ,9, ( , ! H,762Cd, J = 7,H, 1 H ) ,7,(d, J --7,„,2„,,7.4 ( d. I = 7,Hz,2 H ,.7,2 

10 (d, J = 7.5Hz, IH), 7.20 (s, 1H). „„„,„„, 
2-hydrox,.4-(.^ibenzofur»nyl)benza.dehyd e . MS(ES) nVz 289 IM + H], 
2-hydr„ ; ,,-4. < l--„a P h t ha,enyl,benza 1 de h yde. 'HNMR <300MHz, CDC1,) 5. I.I 

1H) 9.9 (s, 1H), 7.95 (m, 2H). 7.45 <m. 7H), 7.1 (s. IH). 

2-l,yd ro xy-4-(3--c h ,o ro p h e„y„b e nza,d e l,yd e . >HNMR<300MH,CDC1 3 >61,, (, 
15 1 „,,9.9(,.H,.7.6(d. J .7.2Hz,lH,,7.35(U = 7.5H„H).7.25(d. J = 7.5H,2H). 

7 22 <s 1H) 7.10 (s, 1H), 6.9 (d. J = 7.2Hz. IH). 

' 2-hydroxy-4-(3'-nitrophenyl)benzaldehyde, 'H NMR (300MHz, CDCI3) 51 1 .1 (s. 
,H). 9.9 < S , IH), 8-45 (s. .H). 8.25 (d, J . 7.2Hz, ,H). 8.0 (d, } - 7.2H, ,H), 7.6 (m. 2H), 

20 7 ^hydroxy.i.phe.y.b.nz^dehyde. >H NMR (300MHz, CDC, 3 ) 61 ! .5 (s, IH). 9.9 
(s, IH). 7.6 (m, 4H), 7.4 (m, 3H), 7.09(m, IH). 

b )2.<4-t2--Me 1 hy l ph»y,1.2-h,d ro xyp h e n y 1 >-9-hyd r ox,-naph.b [ .,2^ i m i dazo 1 e-5-s„,ro„ i c 

acid hydrochloride: mmnor 
25 To an agLaKd solution of 2.hydroxy-4-(2^ethylphenyl)be„zaldehyde (0.030 g, 

0,4 nuno!) in BOH ,0.80 n« was added 1 ^ia mi no-8-bydroxy.„ap h .ha le ne-4.u 1 ,„n,c 
acid dihydrocn.onde (0.033 g, 0.10 ntmol) and sodiun, bisulfite (0.03 g , in wate, (0.20 
ni) Tl ,e S „, 0 ,ionwa S hea K d,o60-Ca„dagi,a t ed„ver, S bour S . The solution was 

eooled ,0 tootn tentperatu., .he ,an ptecipttate was .solated by fl*— 
30 wa,e r »nde, h y,ace l a 1 e 1 op ro vide,be li , 1 ec„ m po„nd,O.029g,60%)MS(ES,„Vz445 [ M- 

H]. 
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Following the same procedure of Example 7, except substituting: 
2-hydroxy-4-(4'-methyI P henyl)benzaldehyde 
2-hydroxy-4-(3-hydroxy P henyl)benzaldehyde 
2-hydroxy-4-(4 -fluoro P henyl)benzaldehyde 
5 2-hydroxy-4-(4'-chlorophenyl)benzaldehyde 

2-hydroxy-4-(l '-dibenzofuranyl)benzaldehyde 

2-hydroxy-4-( 1 '-naphthalenyObenzaldehyde 

2-hydroxy-4-(3-chlorophenyl)benzaldehyde 

2-hydroxy-4-(3'-nitro P henyl)benzaldehyde 
10 2-hydroxy-4-phenylbenzaldehyde 

2-hydroxy-4-(3',4'-dimethylphenyl)benzaldehyde for 2-hydroxy-4-(2'- 

methylphenyDbenzaldehyde the following compounds were generated: 

Compound 72: 2-(4-[4'-Methylphenyl]-2-hydroxy P henyl)-9-hydroxy-naphth[l,2- 

15 d]imidazole-5-su.fonic acid hydrochloride, (0.013 g, 26 %) MS(ES) m/z 445 [M-H]. 
Compound 73: 2-(4-[3'-Hydroxyphenyl]-2-hydroxy P henyl)-9-hydroxy-naphth[l,2- 

d]imidazole-5-sulfonic acid hydrochloride, (0.048 g, 100 «) MS(ES) m/z 447 [M-H]. 
Compound 74: 2-(4-[4--Fluoro P henyl]-2-hydroxyphenyl)-9-h y droxy-na P hth[l,2- 
d]imid a zole-5-sulfonic acid hydrochloride, (0.028 g, 57 «) MS(ES) m/z 449 [M-H]. 
20 Compound 75: 2-(4-[4'-Chlorophenyl]-2-hydroxyphenyl)-9-hydro X y-naphth[l,2- 

dlimidazolc-5-su.fonic acid hydrochloride, (0.026 g, 51 %) MS(ES) m/z 465, 467 [M-H]. 
Compound 76:2-(4-[r-Dibenz.ofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[.,2- 

dJimidazole-5-sulfonic acid hydrochloride, (0.051 g, 91 %) MS(ES) m/z 521 [M-H]. 
Compound 77:2-(4-[r-Na P hth a lenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2- 

25 d]imidazole-5-su.fonic acid hydrochloride, (0.002 g, 3 %) MS(ES) m/z 48, [M-H]. 
Compound 78: 2-(4-[3'-Chloro P henyl]-2-hydroxy P henyl)-9-hydroxy-naphth[l,2- 

d]imidazole-5-sulfonic acid hydrochloride, (0.040 g, 80 %) MS(ES) m/z 465, 467 [M-H]. 
Compound 79: 2-(4-[3'-Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2- 

d]imidazole-5-su,fonic acid hydrochloride, (0.043 g, 83 %) MS(ES) m/z 476 [M-H]. 
30 Compound 80: 2-(4- P heny.-2-hydroxyphen y l)-9-hyd r oxy-naphth[l,2-d]im,dazole-5- 
sulfonic acid hydrochloride, (0.047 g, .00 %) MS(ES) m/z 431 [M-H]. 
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Example 8 

P r . r .-,r a ,ionof2-f ^P'-^v. phenvl1.?-hvdroxY P henYlV t )-hYrlrnxY-naphthn,2- 
ril imidazole-7-^ulfonic aci ^ h v rtroch1oridP (Compound 81) 

To an agitated solution of 2-hydroxy-4-(2^methylphenyl)benzaldehyde (0.030 g. 
0.14 mmol) in EtOH (0.80 mL) was added l,2-diamino-8-h y droxy-na P hthalene-6-sulfonic 
acid dihydrochloride (0.033 g, 0.10 mmol) and sodium bisulfite (0.03 g) in water (0.20 
mL). The solution was heated to 60 °C and agitated overnight. The solution was cooled to 
room temperature, the tan precipitate was isolated by filtration and washed with water and 
ethyl acetate to provide the title compound (0.027 g, 55 %) MS(ES) m/z 445 [M-HJ. 

Following the same procedure of Example 8. except substituting: 
2-hydroxy-4-(4'-methylphenyl)benzaldehyde 
2-hydroxy-4-(3\4'-mcthylphenyl)benzaldchyde 
2-hydroxy-4-(3'-hydroxyphenyl)benzaldehyde 
2-hydroxy-4-(4'-fluorophenyl)benzaldehyde 
2-hydroxy-4-(4'-chlorophenyl)benzaldehyde 
2-hydroxy-4-(l -dibenzofuranyl)benzaldehyde 
2-hydroxy-4-( 1 '-naphthalenyl)benzaldehyde 
2-hydroxy-4-(3'-chlorophenyl)benzaldehyde 
2-hydroxy-4-(3-nitrophenyl)benzaldehyde 

2-hydroxy-4-phenylbenzaldehydefor2-hydroxy-4-(2'-methylphenyl)benzaldehyde 
the following compounds were generated: 

Compound 82: 2-(4-[4'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2- 
I d]imidazole-7-sulfonic acid hydrochloride, (0.024 g, 49 %). 'H NMR (400MHz, DMSO- 
d 6) ) 5 8.34 (d, J = 8.0Hz, IH), 7.83 (m, 3H), 7.62 (d, J = 7.9Hz, 2H), 7.35(m, 5H), 2.35 (s, 
3H). MS(ES) m/z 445 [M-H]. 

Compound 83: 2-(4-[3',4'-dimethylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2- 
dlimidazole-7-sulfonic acid hydrochloride, (0.052 g, 74 %) MS(ES) m/z 460 [M+H]. 
) Compound 84: 2-(4-[3'-Hydroxyphenyl]-2-hydroxy P henyl)-9-hydroxy-naphth[l,2- 
d]imidazole-7-sulfonic acid hydrochloride, (0.045 g, 93 %) MS(ES) m/z 461 [M-H]. 
Compound 85: 2-(4-[4'-Huorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2- 
d]imidazole-7- S ulfonic acid hydrochloride, (0.03 1 g, 63 %) MS(ES) m/z 449 [M-H]. 
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Compound 86: 2-(4-[4 -ChIorophenyl]-2-hydroxypheny l)-9-hydroxy-naphth[ 1 ,2- 
d]imidazole-7-sulfonic acid hydrochloride, (0.023 g, 46 %) MS(ES) m/z 465, 467 [M-H]. 
Compound 87: 2-(4-[ 1 '-Dibenzoftiranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2- 
d]imidazole-7-sulfonic acid hydrochloride, (0.027 g, 48 %) MS(ES) m/z 521 [M-H]. 
5 Compound 88: 2-(4-[ 1 '-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2- 
d]imidazole-7-sulfonic acid hydrochloride, (0.007 g, 14 %) MS(ES) m/z 481 [M-H]. 
Compound 89: 2-(4-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l ,2- 
d]imidazole-7-sulfonic acid hydrochloride, (0.022 g, 43 %) MS(ES) m/z 465, 467 [M-H]. 
Compound 90: 2-(4-[3 -Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2- 
10 d]imidazole-7-sulfonic acid hydrochloride, (0.017 g, 33 %) MS(ES) m/z 476 [M-H]. 
Compound 91: 2-(4-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d] imidazoles- 
sulfonic acid hydrochloride, (0.034 g, 73 %). l H NMR (400MHz, DMSO-d 6 )) 5 8.33 (d, J 
= 8.2Hz, 1H), 7.83 (m, 4H), 7.71 (d, J = 7.5Hz, 2H), 7.50(m, 2H), 7.36(m, 3H). 
MS(ES)m/z431 [M-H]. 

15 

Example 9 

Preparation of 2-(3-phenvl-2-methoxvphenvlV9-hvdroxy-naphthr 1 .2-dlimidazole-7- 
carboxvlic acid hydrochloride (Compound 92) 

20 

a) 2-[4-(l,3-dihydroisoindol-2-yl)-benzylidene]-succinic acid 1 -ethyl ester: 

To the refluxing solution of potassium tert-butoxide in tert-butanol was added 4- 
phthalimidobenzylaldehyde and diethyl succinate over 15 min. The reaction was allowed to 
reflux for 45 min., then cool to room temperature. The mixture was acidified with 3N HCl 
25 and concentrated under reduced pressure. The brown paste was treated with ice water and 

extracted multiple times with diethyl ether. The ether extracts were then extracted with cold 
sodium bicarbonate (sat.). The aqueous solution was slowly acidified with cone. HCl and 
the title (3.0 g, 79%) product was collected by filtration. MS(ES) m/z 397 [M+H+H20]. 

30 b) 4-acetoxy-6-aminonaphthalene-2-carboxylic acid ethyl ester: 

To a suspension of the compound of 9a) (3.0 g, 7.9mmol) in acetic anhydride (25 
mL) at room temperaturewas added sodium acetate ( 1 .5 g, 20mmol). The mixture was 
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heated at reflux for 4 hours and cooled down to room temperature. The product was 
precipitated from acetic acid , collected and washed with methanol. 

The above crude product (2.0 g, 5.0mmol) was taken up a 1 : 1 mixture of 
chloroform and ethano. (20 mL). At room remperature, an excess of hydrazine was added 
5 and the reaction was allowed to stir for 6h. The mixture was diluted in chloroform, washed 
with water and brine and concentrated to give the desired product as a red o.l (69 %). H 
NMR (300Hz, CDC13) 8 8.05 (s, 1H), 7.7 (d, J = 9.0Hz, 1H), 7.4 (s, 1H), 7.35(s. 1H), 7.0 
(dd, J = 9.0Hz, . .8Hz, 1 H), 4.4 (m, 2H), 1 .9(s, 3H), 1 .5 (s, 3H). MS(ES) m/z 273 [M+H]. 

10 c) 7-amino-l-hydroxy-3-naphthoic acid: 

The compound of example 9b) was taken up in 6N HC1 (70 mL)and heated at 
reflux for 2 hours. After cooling down to room temperature, the solid was collected and 
washed with ethyl acetate. The title compound was obtained as pale solid (4.5 g, 64%). H 
NMR (300Hz, CDC13) 8 10.7 (br s, 1H). 8.08 (s. 2H). 7.95 (s, 1H). 7.45 (d, J = 9.0Hz, 2H). 

15 MS(ES) m/z 204 [M+H]. 

d) 7, 8-Diamino-l-hydroxy-3-naphthoic acid dihydrochloride: 

A stirred solution of p-benzenediazonium sulfonamide, was prepared by the 
addition of sulfanilamide (0.07 g, 0.4 mmole) in 10 % aqueous HC1 (2.5 mL) to sodium 
20 nitrite (0.07 g. 0.5 mmole) in water (0.5 mL) at 0 -C. After 15 min. of standing at 0°C, 7- 

amino-l-hydroxy-3-naphthoic acid (0.07 g, 0.325 mmole) was added in water (1.0 mL) and 
the reaction was stirred at room temperature for 30 min. The reaction mixture was added to 
SnCl 2 in concentrated HC1 (2 mL) and heated at 95°C over IShours. The reaction was 
filtered to give the title compound (0.04 g; 43%) as a white solid. MS(ES) m/z 2.9 [M+H]. 

25 

e) l-(3 4-dimethylphen y l)-3-meth y l-5-h y droxy-4-pyrrazolecarboxaldehyde: 

A suspension of 2-(3,4-dimethylph e nyl)-5-methyl-2,4-dihydro P yrazol-3-one (8.7 g, 
43mmol) in DMF was treated with phosphorous oxychloride (4.82 mL, 52mmol) at 0 C. 
After heated up to 90<>C for 2 hours, the mixture was poured to ice-water and stirred for 18 
30 hours, the resulting solid was filtered to give the title compound as a grey solid (7.83 g, 
79%). MS(ES) m/z 231 [M+H]. 

f) 2-(3-phenyl-2-methoxyphenyl)-9-hydroxy-na P hth[l,2-d]im,dazole-7-carboxyHc ac,d 
hydrochloride 
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To an agitated solution of 2-methoxy-3-phenylbenzaldehyde (0.020 g, 0.08 mmol) 
in EtOH (0.80 mL) was added 7, 8-Diamino-l-hydroxy-3-naphthoic acid dihydrochloride 
(0.02 g, 0.07 mmol) and sodium bisulfite (0.02 g) in water (0.20 mL). The solution was 
heated to 60 °C and agitated over 1 8 hours. The solution was cooled to room temperature 
5 and concentrated under reduced pressure. The tan residue was subjected to HPLC (ODS-A, 
gradient 10-90% CH3CN/water 0. 1 % TFA) to provide the title compound (0.008 g, 20 %) 
MS(ES) m/z 411 [M+H]. 



compounds were generated: 

Compound 93: 2-(3-[3',4 , -dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2- 
d]imidazole-7-carboxylic acid trifluoroacetate, (0.004 g, 8 %) MS(ES) m/z 439 [M+H]. 
Compound 94: 2-(3-[3\4-dimethylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2- 
20 d]imidazole-7-carboxylic acid trifluoroacetate, (0.005 g, 1 1 %) MS(ES) m/z 425 [M+H]. 
Compound 95: 2-(l-[3, 4-dimethylphenyl]-3-methyl-5-hydroxy-lH-pyrrazole-4-yl)-9- 
hydroxy-3H-naphth[l,2-d]imidazole-7-carboxylic acid trifluoroacetate, (0.004 g, 13 %) 
MS(ES) m/z 429 [M+H]. 

Compound 96: 2-(l-hydroxy-2-naphthalenyl)-9-hydroxy-naphth[ l,2-d]imidazole-7- 
25 carboxylic acid trifluoroacetate, (0.003 g, 7 %) MS(ES) m/z 306 [M+H]. 

Compound 97: 2-(2-hydroxy-l-naphthalenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
carboxylic acid trifluoroacetate, ( 0.02 g, 10%).'H NMR (400MHz, DMSO-d 6 ) 5 8.15 (d, J 
= 9.1Hz, IH), 8.09 (d, J = 9.1 Hz, 1H), 7.98 (d, J = 8.2Hz, 1H), 7.93 (s, 1H), 7.91 (s, 1H)), 
7.52 (m, 2H), 7.46 (m, 3H ). MS(ES) m/z 306 [M+H]. 
30 Compound 98: 2-(2-pyridinyI)-9-hydroxy-naphth[l,2-d]imidazole-7-carboxylic acid 
trifluoroacetate, (0.005 g, 1 6 %) MS(ES) m/z 306 [M+H]. 



10 



15 



Following the same procedure of Example 9, except substituting: 

2-methoxy-3-(3',4-dimethylphenyl)benzaldehyde 

2-hydroxy-3-(3\4-dimethylphenyl)benzaldehyde 

l-(3,4-dimethylphenyl)-3-methyl-5-hydroxy-4-pyrrazolecarboxaldehyde 

1 - hydroxy-2-naphthaldehyde 

2- hydroxy-2-naphthaldehyde 

2-pyridinecarboxaldehyde for 2-methoxy-3-phenylbenzaldehyde the following 
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Example 10 

Preparation of 2-( 3'.4 , -dimethvlbiphenvl-3-vl)-9-hvdroxv-3H-naDhthor 1 .2-d1imidazole-7- 
sulfonic acid hydrochloride (Compound 99) 

5 

a) 3\4'-dimethylbiphenyl-4-carbaldehyde: 

A solution of 4-bromo-l,2-dimethylbenzene (0.225 g, 1 .67mmol), 4- 
formylphenylboronic acid (0.25 g, 1.67mmol), 2M aqu. sodium carbonate (1.67mL, 
3.34mmol) and tetrakistriphenylphosphinopalladium(O) (0.025 g) in 1,4-dioxane (30 mL) 
10 was stirred and heated under reflux under a nitrogen atmosphere for 24h. 

The reaction mixture was cooled and suspended between ethyl acetate and 3M aqu. 
hydrochloric acid (30 mL). The phases were separated and the aqueous phase was further 
extracted with ethyl acetate (3 times). The combined organic layers were dried over 
anhydrous MgSC>4 and concentrated under reduced pressure to give the title product. (0.26 
15 g, 74%). MS(ES) m/z 21 1 [M+H]. 

Follow the procedure of example 1 0a), except substituting, 3-formylphenylboronic 
acid for 4-formylphenylboronic acid and 

4-tert-butylphenylbromide 

3,4-dimethylphenylbromide for 4-bromo-l,2-dimethylbenzene, the follow 
20 compounds were generated: 

4-tert-butylbiphenyl-3-carbaldehyde, MS(ES) m/z 239 [M+H]. 
SVl'-dimethylbiphenyl-S-carbaldehyde, MS(ES) m/z 21 1 [M+H]. 

b) 3-(4-tert-butylbenzyloxy)-benzaldehyde: 

25 3-hydroxybenzaldehyde (0.5 g, 4. 1 mmol) in DMF (5 mL)was treated with 

potassium carbonate (0.56 g, 4. 1 mmol) and 4-tert-butylbenzylbromide (0.9 g, 4. 1 mmol). 
The solution was heated up to 90°C for 36 hours. After cooling down to room temperature, 
the reaction mixture was poured into water and extracted with diethyl ether twice. The 
organic layers were combined, dried over MgSO.4, and concentrated to dryness. The crude 

30 product was passed through a plug of Si02 with 5% ethyl acetate in hexane (250 mL). The 
title compound was obtained as a solid (0.7 g, 64%). MS(ES) m/z 269 [M+H]. 
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Follow the procedure of example 10b), except substituting 3- 
trifluoromethylbenzylbromide for 4-tert-butylbenzylbromide, the following compound was 
obtained: 

3-(3-trifluoromethylbenzyloxy)benzaldehyde, MS(ES) m/z281 [M+H]. 

5 

c) 3-(3,4-dimethylbenzyloxy)benzaldehyde: 

Polymer-bounded triphenylphosphine (2.1 g, 6mmol), DEAD (0.97mL, 6mmol), 
3,4-dimethylphenylmethanol (0.8 g, 6mmol), 3-hydroxybenzaldehyde (0.5 g, 4mmol) in 
methylene chloride were stirred at room temperature for 48 hours. The resin was filtered 
D and the filtrate was concentrated down to an oil. The crude oil was passed through a plug of 
Si02 with 5% ethyl acetate in hexane (250 mL). The title compound was obtained as a 
solid (0.24 g, 25%). MS(ES) m/z 241 [M+H]. 

d) 2-(3',4-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-sulfonic acid 
5 hydrochloride: 

To an agitated solution of 3\4'-dimethylbiphenyl-3-carbaldehyde (0.030 g, 0.14 
mmol) in EtOH (0.80 mL) was added l,2-diamino-8-hydroxy-naphthalene-6-sulfonic acid 
dihydrochloride (0.033 g, 0. 1 0 mmol) and sodium bisulfite (0.03 g) in water (0.20 mL). The 
solution was heated to 60 °C and agitated for 1 8 hours. The solution was cooled to room 
3 temperature, the tan precipitate was isolated by filtration and washed with water and ethyl 
acetate to provide the title compound (0.035 g, 85%) MS(ES) m/z 443 [M-H]. 



Following the same procedure of Example 10, except substituting: 
biphenyl-4-carbaldehyde 
25 3\4'-dimethylbiphenyl-4-carbaldehyde 
4*-tert-butylbiphenyl-3-carbaldehyde 
3-(4-tert-butylbenzyloxy)-bcnzaldehyde 
3-(3-trifluoromethylbenzyloxy)benzaldehyde 

3-(3,4-dimethylbenzyloxy)-benzaldehydefor 3',4-dimethylbiphenyl-3- 
30 carbaldehyde, the following compounds were generated: 

Compound 100: 2-biphenyl-4-yl-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazo!e-7-suIfonic acid 
hydrochloride, (0.024 g, 62 %) MS(ES) m/z 415 [M-H]. 

Compound 101: 2-(3',4'-dimethylbiphenyl-4-yl)-9-hydroxy-3H-naphtho[ l,2-d]imidazole- 
7-sulfonic acid trifluoroacetate, (0.003 g, 7 %) MS(ES) m/z 445 [M+H]. 

-46- 



Jl± PCT/US00/33432 

WO 01/39773 

Compound 102:2-(4--tert-but y lbi P henyl-3-yl)-9-hydrcxy-3H-naphtho[l,2-d]imidizole-7- 

sulfonic acid trifuoroacetate. (0.001 g, 3 %) MS(ES) m/z 473 [M+H]. 

Compound 103: 2-[3-(4-tert-butylbenzyloxy)- P henyl]-9-hydr OX y-3H-naphtho[l,2- 

d]imidizo.e-7-sulfonic acid hydrochloride, (0.020 g, 44 %) MS(ES) m/z 501 [M-H]. 
5 Compoundl04:2-[3-(3-trinuoromethylbenzyl O xy)-phenyl]-9-hydroxy-3H-na P htho[»,2- 

d]imidizole-7-sulfonic acid hydrochloride, (0.024 g, 51 %) MS(ES) m/z 513 [M-H]. 
Compound 105:2-[3-(3,4-dimethylbenzyloxy)-phenyll-9-h y droxy-3H-na P htho[l,2- 

d]imidizo.e-7-sulfonic acid hydrochloride, (0.018 g. 41 %) MS(ES) m/z 473 [M-H]. 
1Q F.xample 1 1 

P^i^^ 

. a rhn,vlic acid h Y Hrnrhloride (Compound 106) 

To an agitated solution of 3,4-dimethylbipheny.-3-carbaldehyde (0.019 g, 0.09 
15 mmol) in EtOH (0.80 mL) was added 7, 8-Diamino-l-hydroxy-3-naphthoic acid 

^hydrochloride (0.024 g, 0.08 mmol) and sodium bisulfite (0.02 g) in water (0.20 mL). 
The solution was heated to 60 °C and abated overnight. The solution was cooled to room 
temperature and concentrated under reduced pressure. The tan residue was subjected to 
HPLC (ODS-A, gradient 10-90% CH 3 CN/water 0. 1 % TFA) to provide the title compound 
20 (0.015 g, 33 %) MS(ES) m/z 409 [M+H]. 

Following the same procedure of Example 1 1, except substituting: 
3\4'-dimethylbiphenyl-4-carbaldehyde 
4'-tert-butylbiphenyl-3-carbaldehyde, 
25 3-phenoxybenzaldehyde for 3,4-dimethylbi P henyl-3-carbaldehyd ei the following 

compounds were generated: 

Compound 107: 2-^dimethylb^^ 

7-carboxylic acid trifluoroacetate, (0.012 g. 28 %) MS(ES) m/z 409 [M+H]. 

Compound 108: 2-(4'-tert-butylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

30 carboxylic acid trifluoroacetate, (0.0. 5 g, 33 %) MS(ES) m/z 435 [M-H]. 

Compound 109: 9-hydroxy-2-(3-phenoxyphenyl)-3H-naphth 0 [l,2-d]imidazole-7- 

carboxylic acid trifluoroacetate, (0.004 g, 12 %) MS(ES) m/z 397 [M+H]. 
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F x ample 12 



gn paration ofj [2 (3J a 4J^th^ 
^.cif^n ylaminol-ben ? "^ add: (Compound 110) 
5 " 2-(3-,4--di m ethylbiphenyl-3-yl)-9-hydroxyl-3H-naphtho[l,2-d] i midazole-7-sulf 0 n,c 

acid hydrochloride(0.08 g, O.lSmmol) was suspended in .ml thionyl chloride containing 
catalytic amount of /V ( *-dimethylformamide. The reaction mixture was heated to 60°C for 
3 hours then was concentrated to dryness to give 2-(3',4'-dimethylbiphenyl-3-yl)-9- 
hydroxyl-3H-naphtho[l ,2-d]imidazole-7-sulfonyl chloride. 
10 To an ag.tated suspension of 3-aminobenzoic acid (0.028 g, 0.2 mmol) in THF (1 

mL) was added 2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxyl-3H-naphtho[l,2-d]imidazo.e-7- 
sulfonyl chloride (0.083 g, 0.18 mmol) and sodium hydroxy (0.018 g, 0.4mmol) in water 
(0 5mL). After agitated for 30 minutes, the reaction mixture was added 6N hydrochlor.de 
(2ml) and concentrated under reduced pressure. The residue was subjected to HPLC (ODS- 
15 A, gradient 10-90% CH3CN/water 0. 1 % TFA) to provide the title compound (0.005 g, 4 %) 
MS(ES) m/z 564 [M+H]. 

Following the same procedure of Example 12, except substituting: 
piperidine-3-carboxyhc acid for 3-aminobenzoic acid, the following compound was 
generated: 

20 Compound 111: H 2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2- 

d]imidaz 0 le-7-su.fonyl]- P iperidine-3-carboxy.ic acid, (0.015 g , 8 *)MS(ES) m/z 556 
[M+H]. 



25 



Rxamnle 13 

p^ rara , ; nnnffSVl -r- f^^i m ethvl-binhr n vl-3-YlV9-hYdrox V -3H-na P htho[l,2- 
^ Vm; H a7 n1.-7- S ul^Y M-pYrrnlidine-?-rnrhoxylic acid: (Compound 112) 

To an agitated suspension of (S)- P yrrolidine-2-carboxylic acid tert-butyl ester 
(0 036 g, 0.21 mmol) in DMF (1 mL) was added 2-(3\4'-dimethylbiphenyl-3-yl)-9- 
hydroxyl-3H-naphtho[l ,2-d]imidazo.e-7-sulfonyl chloride (0.064 g, 0.14 mmol) and 
triethyl amine (0.022 g, 0.21mmol). After agitated for 15hrs, the reaction m.xture was 
concentrated under reduced pressure to give ( S) -l-[2-(3',4'-dimethylbi P henyl-3-y.)-9- 
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hydr ox y -3H-naphtho[.,2-d]im,dazo^ 

ester The crude product was treated with 90% trifluoroacetate acid (2ml). After ag.tated for 
, hour, the mixture was concentrated under reduced pressure, then subjected to to HPLC 
(ODS-A, gradient 10-90% CH3CN/water 0. 1% TFA) to provide the title compound (0.006 
5 g, 8 %) MS(ES) m/z 542 [M+H]. 



££sEa£ ^ 0 ^^ , IY I 7 yt) 0 h Y dro>y-3H-n a phthori,2-dlimjda^ 

7-vll-methan " YM- a ™ inoVi > rpHr acid: (Compound 113 > 

To an agitated solution of 2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H- 

na P htho[l >d]imidazo.e-7-carbox y lic acid (0.1 g, 0.25 mmo.) in DMF ( 1 mL) was added 
gl ycine tert butyl ester (0.046 g, 0.27mmol), triethyl amine (0.058 g , 0.75mmol), 1- 
h y droxybenzotriazole(0.035 g, 0.26mmol), and l-ethyl-3-(3 

dimethylaminopropyOcarbodiimide hydrochloride (0.05 g, 0.26mmol). After agitated for 
,5hrs, the reaction mixture was concentrated under reduced pressure to dryness. The 
residue was treated with 90% trifluoroacetate acid (ImL). After agitated for . hour, the 
mixture was concentrated under reduced pressure, then subjected to HPLC (ODS-A, 
gradient 10-90% CH3CN/water 0. 1 % TFA) to provide the title compound (0.020 g, 18%) 
MS(ES) m/z 466 [M+H]. 

Following the same procedure of Example 13, except substituting: 

L-alanine tert-butyl ester 

sarcosine tert-butyl ester 

L-proline tert-butyl ester for glycine tert butyl ester, the following compounds were 
generated: 

Compound 114: (S)-2-( { l- [ 2-(3',4'-d 1 methylbiphenyl-3- y .)-9-hydroxyl-3H-naphtho[l,2- 
d]imidazol-7- y .]-methano y l}-amino)- P ro P ionic acid (0.025 g, 21 %) MS(ES) m/z 480 
[M+H]. 

Compound 115: « l-[2-(3',4'-dimeth y lbiphenyl-3-yl)-9-hydrox y l-3H-naphtho[l,2- 
, dlimidazol^ylJ-methanoyD-methylamino^cetic acid (0.0,5 g, .3 %) MS(ES) m/z 480 
[M+H]. 
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Compound 116: (S)-l-{ l-[2-(3',4-dimethylbiphenyl-3-y!)-9-hydroxyl-3H-naphtho[l,2- 
d]imidazol-7-yl]-methanoyl}-pyrrolidine-2-carboxylic acid (0.016 g, 22 %) MS(ES) m/z 
506 [M+H]. 

5 Example 15 

Pre paration of fSV2-(( l -r7.-n-.4'-dimethvlbiphenvl-3-vl)-9-h Y dr 0 XY-3H-naphthori ,2- 
dlimidazol-7-vn-methanovl )-amino) -3-phenvlpropionic acid: (Compound 117) 

To the 2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l ,2-d]imidazole-7- 
10 carboxylic acid (0.05 g, 0. 1 mmol) in DMF (0.5 mL) at room temperature was added 

phenylalanine tert butyl ester hydrochloride (0.1 1 mmol). A cocktail solution of l-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide hydrochloride (0.021 g, 0.1 lmmol), triethylamine 
(0.3mmol) in DMF (0.5 mL) was added and the reaction was agitated at room temperature 
for 18 hours. 1 ml water was added to the reaction mixture resulting in the formation of a 
15 tan precipitate, the mixture was filtered and allowed to dry. The solid mass was transferred 
into vial and dissolved in 90% trifluoroacetic acid (1 mL). The solutions were agitated for 
6hrs then concentrated under reduced pressure. The residures were taked up in DMSO and 
subjected to Gilson HPLC purification. The title compound was abtained as solid.(0.006 g, 
10%). MS(ES) m/z 556 [M+H]. 
20 Following the procedure of example 15, except substituting 

H-Tyr-OtBu HC1 
H-Ile-OtBu HC1 
H-Leu-OtBu HC1 
H-Asp(OtBu)-OtBu HCl 
25 H-Val-OtBu HCl 

H-Trp-OtBu HCl 

H-PhG-OtBu HCl for phenylalanine tert butyl ester hydrochloride, the following 
compounds were prepared: 

Compound 118: (S)-2-({ l-[2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2- 
30 dJimidazol-7-yl]-methanoyl }-amino)-3-(4-hydroxyphenyl)-propionic acid. MS(ES) m/z 
572 [M+H]. 

Compound 119: (S)-2-({ l-[2-(3 , ,4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l ,2- 
d]imidazol-7-yl]-methanoyl}-amino)-3-methylpentanoic acid. MS(ES) m/z 522 [M+H]. 
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Compound 120: (S)-2-« .^-O'^'-dimethy.biphenyl-S-yO^hydroxy-aH-naphtho!.^ 
d]im ida Z o.-7- y n- m ethano y U-amino)-4- m ethy.pentanoic acid. MS(ES) m/z 522 [M+H]. 
Compound 121: (S)-2-( { .-[2-(3-,4--di I nethy.bi P heny.-3-yl)-9-hydroxy-3H-naphtho [ ,,2- 

dlimidazol-T-yn-methanoyn-aminO-succinic acid. MS(ES) m/z 524 [M+H]. 
5 Compound 122: (S)-2-({ ,- l2 - ( 3-,4'-di m ethylbiphen y .-3-y.)-9-hydroxy-3H-naphtho [ l,2- 
d]i m ida Z o 1 -7-yl]- m ethanoyl } -a m ino)-3- m e t hylbu t yncacid.MS(ES) m /z508 [ M + H]. 
Compound 123: (S)-2-({ l - [2 -(3',4'-di m ethylbiphenyl-3-yl)-9-hydroxy-3H-na P htho [ l,2- 
d]i m idazo.-7-y.l- m ethano y l}-a m ino)-3-(»H-indol-3-yl)- P rc P ionic acid. MS(ES) m/z 595 

10 Tolpound 124: (S)-2-« 1 - t 2-(3'.4'-di m ethylbiphcn y l-3-y.)-9-hydroxy-3H-naphtho[l,2- 
dlimidazol-T-yll-methanoyD-amino^-phenylaceuc acid. MS(ES) m/z 542 [M+H]. 



P^ep^ionof^^ 

d 3 jm; H a ,nl-7-vn-methn noyl)-nmino)-3- P henylpr npionir ,rid (Compound 125) 

Tothe2-(4'-tert-butylbi P henyl-3-yl)-9-hydroxy-3H-naphth0[l,2-d]imidaz O le-7- 

carboxylic acid (0.047 g. O.Hnmol) in dimethylformamide (0.5 mL)at room temperature 
was added pheny.alantne tert butyl ester hydrochloride (0.1 1 mmol). A cocktail solution of 
l-ethyl-3-(3-dimethylamino P ro P yl)carbodiimide hydrochloride (0.021 g, 0.1 Immol), 
triethylamine (0.3mmol) in DMF (0.5 mL) was added and the reaction was agitated at room 
temperature for 1 8 hours. 1ml water was added to the reaction mixture resulting m the 
formation of a tan precipitate, the mixture was filtered and allowed to dry. The solid mass 
was transferred into via. and dissolved in 1m. of 90% trifluoroacetic acid. The so.ut.ons 
were agitated for 6hrs then concentrated under reduced pressure. The residures were taked 
up in DMSO and subjected to Gilson HPLC purification. The title compound was abtamed 
as solid.(0.016 g, 28%). MS(ES) m/z 584 [M+H]. 

Following the procedure of example 16, except substituting 

H-Tyr-OtBu HC1 

H-lle-OtBu HC1 

H-Leu-OtBu HC1 

H-Asp(OtBu)-OtBu HC1 

H-Val-OtBu HC1 
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H-Trp-OtBu HC1 
H-PhG-OtBu HC1 
H-Glu(OTBU)-OTBU 

3-Aminopropion,c acid tert-buty. ester for phenylalanine tert butyl ester 
5 hydrochloride, the following compounds were prepared: 

d] i m ida Z ol-7- y ll-rne t hano y l } -ar„ino)OK4-hyd r oxyphenyl)-pro P ionic acd. MS(ES) m/z 

6001M+H]. . n 7 

,0 dlimito o 1 -,-v..-».^no yll -a ml no,-3- m e ll , yl p^oU K ,dMS(ES nVa 550 * 

Compound 128= <S>.2.< t H2-^^ 

o lirai d^-7-y«— y«^^ 

C„ ro p. U nd«9=(S,-2.( 11 -P-(4'- ten -b W .b i ph e n y l-3-y.)-9-hyd ro , y -3H.„.ph<hol,,2- 
d ,Wdazo 1 .7-y«-m e .hanoyl). ami n 1 »- S ucc,n i c acid. MS(ES) m/z 552 [M+H]. 

dli ^a ra U7-yn- m e.an„yM-a mi no,0- ra e*y,bu t y ri cac i d.MS ( BS,^536 M.H )2 

compound m^u-c^^^ 

dlim Ma 2 o,-7-y,> m « h an 0 yl ) -a™no).3- (1 H- i ndo 1 .3-y,)-prop,on,cac,d.MS(ES)^623 

2 0 C^ld^S^M^— 

dl JLo 1 -7-, 11 .me,bano yn-a mi n O ,-,p h e„, 1 aceU C ac i d.MS ( BS,^5 7 0^ 

Cmnp..»d>33: ( S>-2-(,M2.<4--« 

d]imid a Ml -7-y 11 - m .. h »»oy..-an, i n<,>pe nB nedioic acid. MS(ES, m* 566 M.HL 
Compound 134= 3.( 1 l-I2-(4'-.. n -b Ut y.b i phcny.-3-y.)-9.hydroxy-3H-nap l , lh o. ,2- 
25 <nimi dazo 1 -7.y,,- m e.ha„oy 1 )-a ro i,.o,- P ropionicac i d. M S( E S)nVz50 8 tM.H). 

Fvample 17 



30 



ffirnid^™^^ , bhe „ ¥l 3 

^^^^6^ccp= 5U bs t .u,, i „ g 2-(4-- 1 e n .b U .y,b, ph e„y,-3- 
v,)-9-hy d ,oxy-3H-naph,ho[l,2-d)in,ida 2 o 1 e-7.carbo,ybcac,dfor2.(3,4- 
d Lby 1 bi P hcoy 1 .3.y 1 ,-9-byd r oxy.3H-„apb,ho [1 .2-d li n,ida Z o 1 c-7-caxbo X y,,c acd and 
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substituting H-G.u(OTBU)-OTBUfor phenylalanine tert butyl ester hydrochloride, the title 
compound was preparation as solid (0.019 g, 35%) 
MS(ES) m/z 538 [M+H]. 



Fx ample 18 

,„hn«vlic ac H ffn—pmiml 13«) 

a)[6-<4-lert-bulylphenyl)-pyri<im-2-yl]-methaiiol: 

A of 6-bromop,ridme-2-carlx»,lic acid (1 .0 g, U-A 4-terf 

b „,y,phenylboro„ic acid ,0.89 g, 5.— 2M a,u. sodium carbonate ( 5 .0 mL. IO.Ormnol> 
,„d .e.rakUtnphcny.phosphinopailadiumCO, (0.075 g> in 1 ,4-d,ox.ne (30 mL, was shrrnd 
and healed under reflux under a nitrogen atmosphere for 24h. 

Tbe reaction mixture was cooled and suspended between ethyl acetate and 3M a,u. 
hy d,och.oric acid (30 mL, The phases were separated and the ao.ue„us phase was further 
extracted with ethy. acetate (3 times,. The combined organic iayers were dried over 
anhydrous MgS0 4 and concentrated under reduced pressure ,„ give crude pro to*. 

To the above crude product (1 .3 g, 5mmoi) in THF (20 mL) was slowly added 
horane-tetmhydrofitran (20 mL, 20.0mmo„ a. 0<>C and continuously stirred for half hour a, 
«0C then 18 hours a. room temperature. The reaction mixture was neutralized wuh 
metbano. and concentrated at reduced pressure. The residue was taken up witb ethy, acetate 
(50 mUand washed with water (3 times). The combined organ.es were dned over 
(ME S0 4 ), filtered and concentrated to dryness. The crude solid was further punfied 
, through column chromagratophy on Si0 2 (ethyl ace,a,e/hexane=l :4) to give the ,„.e 
compound. (0.65 g, 50%). MS(ES) m/r 242 [M+HL 

b)2 . l 6.(4.,er,.b„,ylphe„y.)-pyridin.2-yll-9-hydroxy-3H-naph.ho[.,2-d,imida 2 o,e-7- 
carboxylic acid: 

0 A solution of dimethyl sulfoxide (0.47 mL, 6.2mmol> in methylene chlortde was 

added to a solution of oxaly. chlond. (0.2 mL, 3.1mmo.) in 20ml methylene ch,onde at - 
78 0C After stirred for 5mm., I6-(4-rer,.bu,ylphenyl)-pyridin-2-y.l-me,hanol (0.5 g, 
2mm„l) was added: The reaction mixture was stirred a, -78°C for ,5 tnin., triethylamine 
,1.76 mL. 12.45 mmo.) was then added. Wnlewarming up to room temperature, ,t was 
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continuously stirred for 1 hour. The reaction mixture was washed with water (3 times), the 
combined organics were dried over MgS0 4 , filtered and concentrated down under reduced 
pressure to give the crude product. 

To an agitated solution of the above product (0.054 g, 0.2 mmol) in EtOH (2 mL) 
5 was added 7,8-diamino-l-hydroxy-3-naphthoic acid di hydrochloride dihydrochloride 

(0.058 g, 0.20 mmol) and sodium bisulfite (0.04 g) in water (0.40 mL). The solution was 
heated to 60 °C and agitated overnight. The solution was cooled to room temperature and 
concentrated under reduced pressure. The residures were taked up in DMSO and subjected 
to Gilson HPLC purification. The title compound was abtained as solid.(0.004 g, 4%). 
10 MS(ES) m/z 438 [M+H]. 

Example 19 

9-r5-f3.4-dimethvlphenvlVfuran-2-vll-9-h vdroxv-3H-naphthofl,2-d1imidazole-7- 
15 carboxvlic acid (Compound 137) 

a) 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde: 

A solution of 5-bromofuran-2-carbaldehyde (0.23 g, 1 .33mmol), 3,4- 
dimethylphenylboronic acid (0.2 g, 1.33mmol), 2M aqu. sodium carbonate (1.33 mL, 

20 2.66mmol) and tetrakistriphenylphosphinopalladium(O) (0.025 g) in 1,4-dioxane (30 mL) 
was stirred and heated under reflux under a nitrogen atmosphere for 24h. 

The reaction mixture was cooled and suspended between ethyl acetate and 3M aqu. 
hydrochloric acid (30ml). The phases were separated and the aqueous phase was further 
extracted with ethyl acetate (3 times). The combined organic layers were dried over 

25 anhydrous MgS0 4 and concentrated under reduced pressure to give the title product. 1 H 
NMR (300MHz, DMSO-d 6 ) 5 9.6 (s, 1H), 7.68(s, 1H), 7.65 (d, J = 4Hz, 1H), 7.62 (d, J = 
4.4Hz, 1H), 7.3 (d, J = 4.4Hz, 1H), 7.25(d, J = 4Hz, 1H), 2.3 (s, 3H), 2.28(s, 3H). 

b) 2-[5-(3,4-dimethylphenyl)-furan-2-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 

30 carboxylic acid: 

To an agitated solution of 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde (0.030 g, 
0.15mmol) in EtOH (0.80 mL) was added 7, 8-diamino-l-hydroxy-3-naphthoic acid 
dihydrochloride (0.029 g, 0.10 mmol) and sodium bisulfite (30 mg) in water (0.20 mL). 
The solution was heated to 60 °C and agitated overnight. The solution was cooled to room 
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temperature, the tan precipitate was isolated by filtration and washed with water and ethyl 
acetate to provide the title compound (0.007 g, 15%) MS(ES) m/z 399 [M-H]. 

Example 20 

5 

2-r4-f3.4-dimethvlphenvn-furan-2-vn-9-hvdroxv-3H-n aphthori.2-dlimidazole-7- 
carboxvlic acid (Compound 138) 

Follow the procedure of Experimental 19a), except substituting 4-bromofuran-2- 
carbaldehyde for 5-bromofuran-2-carbaldehyde, the crude product was obtained. Follow the 
1 0 procedure of Experiment 1 9b), except substituting the above crude product for 5-(3,4- 

dimethylphenyl)-furan-2-carbaldehyde, the title copmpound was prepared as a yellow solid. 
(0.03 g, 56%). MS(ES) m/z 399 [M+H]. 

Example 21 

15 

9-Hvdroxv-2-f5-f3-isopropvlphenvn-furan-2-vll-3H-n aphthofl.2-d1imidazole-7-carboxylic 
acid (Compound 139) 

a) 5-(3-isopropylphenyl)-furan-2-carbaldehyde: 

20 Follow the procedure of Example 1 9a), except substituting 3-isopropylphenyl 

boronic acid for 3,4-dimethylphenylboronic acid, the title compound was prepared. ! H 
NMR (300MHz, CDCI3)) 8 9.65 (s, 1 H), 7.7(s, 1 H), 7.65 (d, J = 6.2Hz, 1H), 7.38 (t, J = 
7.7Hz, 1H), 7.32 (d, J = 3.8Hz, 1H), 7.28(d, J = 6.2Hz, 1H), 6.8 (d, J - 3.8Hz, IH), 3.0 (m, 
1H), 1.39 (s,3H), 1.38(s,3H). 

25 

b) 9-Hydroxy-2-[5-(3-isopropylphenyl)-furan-2-yll-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 5-(3-isopropylphenyl)- 
furan-2-carbaldehyde for 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde, the title 
30 copmpound was prepared as a yellow solid. (0.03 g, 66%). MS(ES) m/z 413 [M+H]. 
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Fx amole 22 

(Compo und 140) 

5 

a )4-(4-terl4>utylpheny>)-furan-2-carba,dehyde: 

Follow ,he procedure of Example .9a). excep. subbing 4.^-bu.ylpheny. 
ironic acid for 3,4-dime,by,phe„,lbor„n,c acid and "^^^K 
bro „,ofuran-2-carba,de h yde, ,he fiUe compound wa S prepared (0.022 g. 2.5%). >H NMR 
10 (300MHz, CDC13)) 5 9.69 (, 1H), 7.94<s. ,H>, 7.52 (s, ,H>, 7.45 (a. 4H), 1.32 (a, 9H). 

b,9.Hydroxy-2-I4-(4-.en-bu,y.pbe„y.)-furan.2-y.]-3H-napb,ho (1 ,2-d li mMaao,e-7- 

carboxylic acid: ... in 

FoUow ,he procedure of Example ,9b). excep, aubs.uu.ing 4-(4-,er,-bu,y,ph=n„>- 
,5 f U ran.2.carba,dehyde fo, 5-(3,4-d i me.by,pheny.)-fbran.2-carba.debyde. Ore .die 

Fx am ple 23 

20 o.Hyd^S^r^^ 
? riH (Comp nund 141) 

a)5-(4-ten-butylphenyl)-furan.2-carbaldehyde ; 

Fo.,ow ,he procedure of Example 19a). excep, substring 4-,er.-buly.pheny. 
25 boronic acid for 3,4-d,me.by,pheny,boron,c acid . .he ,„.e compound was prepared (0.05 g. 
85%, .„NMR(300MH I .CDC.3))59.62(s. ,„,. 7.75(d. , = 8.8Hz. 2H), 7.49 (d, ! = 
8.8Hz, 2H). 7.3, (d. J = 7.0Hz, 1H). 6.81 (d. , = 7.0Hz, ,H), ,.32 (s, 9H). 
^S-Hydroxy^^^d-er-burylpbenyD-fumn^yn^H-napbrboC^lirnidazoM- 

30 carboxylic acid: 

FoUow .he procedure of Example ,9b). excep. substring 5-(4-.en-b«„,pbeny,)- 
fura ,.2.carba,debyde for 5-(3,4-dime,hy,pheny,)-furan-2-carba,debyde. U>. «U 
copmpound was prepared as a ye„ow soHd. (0.035 g. 83%). MS (ES ) m/z 427 [M+H]. 
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Exarnpje_24 

2 1 TJL£3 1 4^^^ 

rarhoxvlic *<-iH (Compound 142) 

a) 5-(3 4-dimethylphenyl)-thiophene-2-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 5-bromothiophene-2- 
carbaldehyde for 5-bromofuran-2-carbaldehyde, the title compound was prepared (0.35 g. 
81%) 1H NMR (300MHz. CDCI3)) 8 9.87 (s, 1H). 7.72(d, J = 3.8Hz, 1H). 7.45 (s, 1H), 
7.42 (d, , = 7.8Hz, 1H), 7.35 (d, J . 3.8Hz, 1H), 7.18 (d, J = 7.8Hz, 1H), 2.32 (s, 3H), 2.30 
(s,3H). 

b)2-[5-(3,4-di m ethy«ph e nyl)-thiophen-2-yl]-9-hydroxy-3H-naphthof..2-d]imidazole-7- 
carboxylic acid: 

FCow t he procure of Example 19b), excep. substring 5 -(3,4-di™.h yl phe„yl)- 
thi „p h er,e-2-carba.dehyde for 5 -0,4-di m e,hy.phe„y 1 )-fon,n-2-carb„dohyde and . *c .die 
copropound - prepared as a yeUow « (0.035 g, 83%). MS<ES, nVz 427 [M + H]. 

F.xam ple 25 

[IP I .in, „, ^n^d,r. ^11 wMnli *WH1»* 

carboxylic arif1 ^Compound 143) 

a) 4-(3,4-dimethylphenyl)-thiophene-2-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 4-bromoth.ophene-2- 
carbaldehyde for 5-bromofuran-2-carbaldehyde, the title compound was prepared (0.24 g, 
55%) 1H NMR (300MHz, CDC13)) 6 9.87 (s, lH),8.0(s, 1H), 7.8 (s, lH),7.38(s, 1H), 
7.33 (d, J = 7.9Hz, 1H), 7.20 (d, J = 7.9Hz, 1H), 2.33 (s, 3H), 2.30 (s, 3H). 

b) 2-[4-(3,4-d 1 methylphenyl)-th 1 ophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of Example 1 9b), except substituting 4-(3,4-d,methylphenyl)- 
thiophene-2-carbaldehyde for 5-(3,4-di me thyl P henyl)-furan-2- C arbaldehyde, the t.tle 
copmpound was prepared as a solid. (0.04 g. 89%). MS(ES) m/z 415 [M + H]. 
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Example 26 

?.f4.r4-tert-butvlDhenvn-thiopheP -2-vn-9-hvdroxv-3H-naphthon i 2-dlimidazole-7- 
5 carboxvlic acid (Compound 144) 

a) 4-(4-tert-butylphenyl)-thiophene-2-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 4-bromothiophene-2- 
carbaldehyde for 5-bromofuran-2-carbaldehyde and 4-tert-butylphenylboronic acid for 3,4- 
1 0 dimethylphenylboronic acid, the title compound was prepared. 1 H NMR (300MHz, 

CDC13)) 5 9.95 (s, 1H), 8.05 (s, 1H), 7.85 (s, 1H), 7.52 (s, 2H), 7.45 (s, 2H), 1.34 (s, 9H). 

b) 2-[4-(4-tert-butylphenyl)-thiophen-2-y l]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid: 

1 5 Follow the procedure of Example 19b), except substituting 4-(4-tert-butylphenyl)- 

thiophene-2-carbaldehyde for 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde, the title 
copmpound was prepared as a solid. (0.035 g, 79%). MS(ES) m/z 443 [M+H]. 

Example 27 

20 

?-rS-(4-tert-butvlphenvn-thiophen-2-vll-9-hvdroxv-3H-naphthon,2-d1imida zole-7- 
carboxvlic acid (Compound 145) 

a) 5-(4-tert-butylphenyl)-thiophene-2-carbaldehyde: 

25 Follow the procedure of Example 19a), except substituting 5-bromothiophene-2- 

carbaldehyde for 5-bromofuran-2-carbaldehyde and 4-tert-butylphenylboronic acid for 3,4- 
dimethylphenylboronic acid, the title compound was prepared. 'H NMR (300MHz, 
CDC13)) 5 9.85 (s, 1H), 7.72 (d, J = 5.0Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 
8.4Hz, 2H), 7.32 (d, J = 5.0, 1H), 1.31 (s, 9H). 

30 

b) 2-[5-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid: 
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FOUOW tbe procedure of Example .9b), except subbing 5 -<4-««-b«.y.pneny.)- 
.hiopb.ne-a-carba.dehyd. for S-O.^imChylphenyiKur^-carbakiehyde, .he tttle 
copmpound was prepaid as a solid. (0.04 g. 90%). MS(ES) m/ Z 443 [M+H]. 

rumple 28 



?-rs-(3. 



20 



„ } a (Cojagjunj 146) 

a )2-bromo-5-(l,1-dimethoxyrr,ethyl)furan : 

A soiution of 5 .brotno-2-furaldehyde (5.0 g, 0.02 8 rr,o.), trirnethyiorthofomtate (3.9 
g . 0.036*0,0.), and pyridiniurn-p-toiuenesuffonate (0.0, g, in 2 0m, methane, was he..edto 
Lux under argon for ,g hr, The solution was eon—, to ,eave a pafe ye..o„ o... W 
„i, is dilute* with etby. acetate and passed through basic alumina wbich was prewashed 
witbetby, acetate. Tbe organic pon.on was concentrated under reduced pressure togtve 
pa ,e ye„ow oi, (6.0 g, 97%). >H NMR (300MHz, CDCI3), 6 6.3 8 (d, J = 3.1Hz. ,H), 6.29 
(d, J = 3.2 Hz, lH),3.3(s,6H). 

b)2-tri-n-but y lstanyl-5-(l,l-di m ethoxymcthyl)furan: 

2-bromo-5-(l,l-dimethoxymethyl)furan (3 g, 0.013mol) dissolved ,n 35ml THF 
was cooled to -7 8 0c, and was then added 1.6M n-butyllithium in hexane (0.96 g, 
0 015mmo,) slowly. After stirred at -7 8 0 C for 10 min., it was added tributyltin chlonde 
(4 42 g 0 013mo») and was wanned up to room temperature. The reaction m.xture was 
inched with methanol and washed with water. The organic* were combined dried over 
25 MgS0 4 and concentrated under reduced pressure to give the title as yellow o,l. (5^9 g, 
99%) t H NMR(300MH^^ 

(s, 1H). 3.32 (s, 6H), 1-6 (m, 6H), 1.35 Cm, 6H), 1.15 (m,6H), 0.9 (m, 9H). 

c) 2-(3,4-dichlorophenyl)-5-(l > l-di m ethoxymethyl)furan: 
30 To a solution of 2-tri-n-but y lstan y l-5-(l,l-dimethoxymeth y l)furan (5.85 g, 

OOHmol) and l-bromo-3,4-dichlorobenzene(2.56 g, 0.01 lmol) in 25ml distilled THF was 
added palladium (II) chloride bis triphenylphosphine (O.56mmol) and was heated to reHux 
for 1 8hrs. After the reaction mixture was coo.ed to room temperature, it was dilute wUh 
wal er and extracted twice with ethyl acetate. The orgamcs were washed brine, dned over 
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MgS04, and concentrated to a dark oil. The dark oil was further purified through column 
chromatography on Si02 (Hexane:EtOAc=9: 1) to give the title compound as a. pale yellow 
oil (2.1 6 g, 68%). IHNMR (300MHz, CDC1 3 )) 5 7.8(s, 1H), 7.5 (dd, J = 1.9Hz, 8.3Hz, 
1H), 7.48 (d, J = 8.3Hz, 1H), 6.62 (d, J = 3.1Hz, 1H), 6.5 (d, J = 3.2 Hz, 1H). 5.45 (s, 1H), 
5 3.4 (s, 6H). 

d) 5-(3,4-dichlorophenyl)furan-2-carbaldehyde: 

2-(3,4-dichlorophenyl)-5-(l,l-dimethoxymethyl)furan (2.15 g, 7.5mmol) in 35ml 
acetone was added pyridinium-p-toluenesulfonate and stirred at room temperature for 18 
10 hrs. After concentrated under reduced pressure, the mixture was taken up with ethyl acetate, 
washed with water and brine. The organics were dried over MgSC>4, filtered and 
concentrated to give the title compound as a yellow solid (1 .56 g, 92%). J H NMR 
(300MHz, CDCI3)) 6 9.7 (s, 1H). 7.9(s, 1H), 7.65 (d, J = 8.3Hz, 1H), 7.55 (d, J = 8.3Hz, 
1H)), 7.3 (d, J = 3.1Hz, 1H), 6.82 (d, J = 3.2Hz, ,1H). MS(ES) m/z 241 [M+H], 

15 

e) 2-r5-(3,4-dichlorophenyl)furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 5-(3,4- 
dichlorophenyl)furan-2-carbaldehyde for 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde, the 
20 title copmpound was prepared as a yellow solid. (0.06 g, 9 1 %). MS(ES) m/z 439 [M+H]. 

Example 29 

2-f5-benzorblthioDhen-2-vl-furan-2-vll-9-hvdroxv-3H -naDhthon.2-dlimidazole-7- 
25 carboxvlic acid (Compound 147) 

a) 2-benzo[b]thiophen-2-yl-5-(l,1-dimethoxymethyl)-furan: 

Follow the procedure of Example 19a), except substituting 2-bromo-5-( 1 , 1 - 
dimethoxymethyOfuran for 5-bromofuran-2-carbaldehyde and thionaphthene-2-boronic 
30 acid for 3,4-dimethylphenylboronic acid, the title compound was prepared as a yellow solid 
(2.16 g, 52%). »H NMR (300MHz, CDCI3)) 5 7.8 (d, J = 7.4Hz, 1H), 7.78 (d, J = 7.4Hz, 
1H), 7.5 (s, 1H)), 7.3 (m, 2H), 6.6 (d, J = 3.2Hz, ,1H), 6.5 (d, J = 3.1Hz, 1H), 5.5 (s, 1H), 
3.4 (s, 6H). 
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b) 5-benzotb]thiophen-2-yl-furan-2-carbaldehyde: _ 

Follow the procedure of Example 28d), except substituting 2-ben Z o[b]th,oph e n-2- 
y ,-5.(l,l-dimethoxy m ethyl)furanfor2-(3,4-dichlorophe n yl)-5-(l,l- 

dim et h0 x y methy,)furan, the title compound was prepared as a solid ( 1 .65 g, 92%). MS(ES) 
5 m/z 229 [M+H]. 

c) ^ I 5-bcn ^ otb),h i ophe„-2-y.-fu ra n.2-,n-9-h, d ^oxy■3H-„aph,ho^>d)■^,■da I o 1 e-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 5-b e nzo[b]th,o P hen-2- 
10 yl-furan-2-carba.dehyde for 5-(3,4-dimethyl P heny.)-furan-2-carbaldehyde, the Utle 
copmpound was prepared as a solid. (0.06 g, 91%). MS(ES) m/z 427 [M+H]. 

Exam ple 30 

15 2 r ■-^■-^ho , .l.irhrnT' 3 ^^drox, .3H.nanhthc,n ,2-dlimidazo le^ 
,-arhnx ylic acH (P^mpound 148) 

a) 4'-tert-butyl-6-methoxybiphenyl-3-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 1 -bromo-4-tert- 
20 butylbenzene for 5-bromofuran-2-carbaldehyde and 5-fo.myl-2-methoxyphenylboron, C 
acid for 3,4-dimethylphenylboronic acid, the title compound was prepared as a sohd. 
MS(ES) m/z 269 [M+H]. 

b ) 2-[4'-te rt -buty.-6-m e «hox y bipheny.-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazo.e-7- 

25 carboxylic acid. 

Follow ,he procedure of Example 19b), excep. suborning 4--.er.-bu.yl-6- 
me.hoxybiphenyl-3-c»rba,de„yde for 5-C3.4K. i me.hylpbenyl)-f»ra,-2-carba.dehyde. .be 
ti „e eopmpuund was prepared a S a solid. (0.01 1 g. 12%). MS(ES) m/z 467 [M+H]. 

30 Fx ample 31 

rarhoxvlic acid frnmpOUIld 149) 
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a) 6-fluoro-3\4-dimethyIbiphenyl-3-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 3-bromo-4- 
fluorobenzaldehyde for 5-bromofuran-2-carbaldehyde, the title compound was prepared as 
a solid. MS(ES) m/z 229 [M+H]. 

5 

b) 2-[6-fluoro-3',4'-dimethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 6-fluoro-3\4'- 
dimethylbiphenyl-3-carbaldehyde for 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde, the 
10 title copmpound was prepared as a solid. (0.004 g, 5%). MS(ES) m/z 427 [M+H]. 

Example 32 

2-r4-fluoro-3 , .4 , -dimethvlbiphenvl-3-vll-9-hvdroxv-3H-na phthofl.2-dlimidazole-7- 
15 carboxvlic acid (Compound 150) 

a) 4-fluoro-3',4 -dimethylbiphenyl-3-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 5-bromo-2- 
fluorobenzaldehyde for 5-bromofuran-2-carbaldehyde, the title compound was prepared as 
20 a solid. . ] H NMR (300MHz, CDC1 3 )) 5 10.3 (s, 1H), 8.05 (m, 2H), 7.5 (m, 2H), 7.4 (d, J = 
7.5Hz, 1H)), 7.23 (d, J = 7.5Hz, 1H). 

b) 2-[4-fluoro-3\4 -dimethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid: 

25 Follow the procedure of Example 19b), except substituting 4-fluoro-3 , ,4- 

dimethylbiphenyl-3-carbaldehyde for 5-(3,4-dimethylphenyl)-furan-2-carbaldehyde, the 
title copmpound was prepared as a solid. (0.006 g, 6%). MS(ES) m/z 427 [M+H]. 

Example 33 

30 

2-r4-tert-butvl-4-fluorobiphenvl-3-vn-9-hvdroxv-3H-naphth on.2-dlimidazole-7- 
carboxvlic acid (Compound 151) 



a) 4 -tert-bulyl-4-fluorobiphenyl-3-carbaldehyde: 
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Follow the procedure of Example 19a), except substituting 5-bromo-2- 
fluorobenzaldehyde for 5-bromofuran-2-carbaldehyde and 4-tert-butylphenyl boronic acd 
for 3 4-dimethylphenylboronic acid, the tit.e compound was prepared as a sohd. H NMR 
(300MHz, DMSO-d 6) ) 5 iO.2 (s, ,H), 8, (m, 2H), 7.65 (d, J = 5.0Hz, 2H), 7.59 (s, 1H). 
5 7.55 (d, J = 5.0Hz, 2H), 1 .35(s, 9H). 

b) 2-[4'-t e rt-buty.-4-fluorobi P henyl-3-yl]-9.hydroxy-3H-na P htho[l,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 4'-tert-butyl-4- 
10 fluorob*heny.-3-carba«d^ 

compound was prepared as a solid. (0.002 g, 3%). MS(ES) m/z 455 [M+H]. 

Fxam ple 34 

15 g rVTrifl h^hen^O] n h d HI nnrhthnp 2 d1imida 7 o.e-7-carb 0 xylic 

ariH (Compou nd 152) 

a) 4'-trifluoromethylbiphenyl-3-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 5-bromo-2- 
20 fluorobenza.dehydeforS-bromo^ 

for 3,4-dimethyl P henylboronic acid, the tit.e compound was prepared as a sol.d. MS(ES) 

m/z 251 [M+H]. 

b) 2-[4Vtrifluoromethylbiphenyl-3-yl]-9-hydroxy-3H-na P htho[l,2-d]imidazo«e-7- 

25 carboxylic acid: 

Follow the procedure of Example 19b), except substituting 4'- 
trifluoromethylbipheoyl-3-carba.dehy^ 

, he tide compound was prepared as a solid. (0.0, 6 g. 22%). MS(ES) m/z 449 [M + HJ. 
Example 35 

,-arhnxvlic 3C ; ^ {rnmpnnnd 153) 
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a ) 4-tert-butyl-6-fluorobiphenyl-3-carbaldehyde: 

Follow the procedure of Example 19a), except substituting 3-bromo-4- 
fluorobenzaldehydeforS-bror^ 

for 3,4-dimethy.phenylboronic acid, the title compound was prepared as a sol.d. MS(ES) 
5 m/z 257 [M+H], 513 [2M+H]. 

b ) 2-[4'-tert-but y l-6-fl U oro-b 1 phenyl-3-yll-9-hydroxy-3H-naphtho[1,2-d]imid il zole-7- 
carboxylic acid: 

Follow the procedure of Example 19b), except substituting 4'-.ert-butyl-6- 
10 fluorobiphenyl-3-carbaldehyde for 5-(3,4-dirnethylphenyl)-furan-2-carbaldeh y de, the utle 
copmpound was prepared as a solid. (0.039 g, 86%). MS(ES) m/z 455 [M+H]. 

F.xample 36 

^arhnx ylic acid ( rnmpnund 154 ) 

a) 5 -(4-butylphenyl)-pyridine-3-carbaldehyde: 

Follow the procedure of example la) except substituting S-bromopyndme-S- 
20 carba.dehyde for 3-bromo-2-methoxybenzaldehyde and 4-ten-buty Iphenylboronic acid for 
2-methylphenylboronic acid, the tide compound was prepared as a solid. MS(ES) m/z 240 
[M+H]. 

b) 2-t5-(4-tert-but y lphenyl)-pyndin-3-yl]-9-hydrox y -lH-naphtho[l,2-d]imidazole-7- 

25 carboxylic acid: 

Follow the procedure of example 1c) except substituting 5-(4.butylphenyl)- 
pv,id i „e- 3 -carbaldehydefor2-n,ethox y -3-(2'-me,b y ,pheuy 1 )be„zaldeh y dea„d 5 .W,a ml no- 

4-bydroxynapbtha.ene-2.carboxy.ic acid for 3Adiarnino-5-hydroxy-l-naph.ha.ene su.fon.c 

acid dihydroch.or.de, the title compound was prepared as a solid (0.025 g. 57 %). MS(ES) 

30 m/z 438 [M+H]. 
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F.xam ple 37 

2 , P fl .-nnuo — -r r^" ^v^n.v-lH-nnph^U- dlimidMol^ 

^arhox ylic ac^ ( rnmpnund 155 ) 

5 

a) 2'-fluoro-3 -trifluoromethylbiphenyl-3-carbaldehyde: 

Follow the procedure of example la) except substituting 4-trif1uoromethyl-2- 
fluorobromobenzene for 3-bro m o-2-methoxybenza,dehyde and 3-formylphenylboronic acid 
for 2-methylpheny.boronic acid, the title compound was prepared as a solid. MS(ES) m/z 
10 269 [M+H]. 

b) 2 - [(2 -nuor^ 
carboxylic acid: 

Follow the procedure of example )e) except substituting 2--fluoro-3 - 
l5 tr if,„„,ome,„ y ,bipnen y ,-3-carb^^ 

and s,«-d i a n lno-4.h y drox y n a ph.ha.ene-2-carboxy,ie acid for 3,4-d i ammo-5-„ y drox y -.- 
naphthalene sulfonic acid dih y d,och.oride, the title compound was prepared as a sohd 
(0.035 g, 57 %). MS(ES) m/z 467 [M+H]. 

2 q F»amnle38 

7-rarhnxvlic *rid (Compound 156 ) 

25 a) T 5'-difl U oro-3'-lrinuoromethylbiphenyl-3-carbaldehyde: 

Follow the procedure of example la) except substituting 4-trinuoromethyl-2,5- 
difluorobromobenzene for 3 -bromo-2-methoxybenza.dehyde and 3-formylphenylboron.c 
acid for 2-methylphenylboronic acid, the title compound was prepared as a solid. MS(ES) 
m/z 287 [M+H]. 

b)24C2,5-difluoro-4-trifluoro m ethylb iP henyl)-3-yl]-9-hydroxy-lH-naphtholl,2- 

d]imidazole-7-carboxylic acid: 

Follow the procedure of example 1c) except substituting 2\5'-difluoro-3'- 

tnfluoromethylb^^ 
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and 5 ? 6-diamino-4-hydroxynaphthalene-2-carboxylic acid for 3,4-diamino-5-hydroxy- 1- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a sohd 
(0.035 g, 67 %). MS(ES) m/z 485 [M+H]. 

5 Fxample 39 

E M fl 4Mrinuo^rne^ ^ 

rarhnxvlic ad d ( Compound 157 ) 

10 a) 4-fluoro-4'-trifluoromethylbi P heny1-3-carbaldehyde: 

Follow the procedure of example la) except substituting 3-bromo-4- 
fluorobenzaldehyde for 3-bromo-2-methoxybenzaldehyde and 4- 

trifluoromethylbenzeneboronic acid for 2-methylpheny.boronic acid, the title compound 
was prepared as a solid. MS(ES) m/z 269 [M+H]. 

b)2-[(4-nuoro-4Mrifluorometh y lbi P h e nyl)-3-yl]-9-hydroxy-lH-naphthon,2-d]im 1 da Z o.e- 

7-carboxylic acid: 

Follow the procedure of example 1c) except substituting 4-fluoro-4'- 
tnfluoromethylbiphenyl-3-carbaldehyde for 2-methoxy-3-(2'-methyl phenyl ) benzaldehyde 
20 and5,6-diamino-4-h y droxynaphthalen e -2-carboxylicacidfor3,4-diamino-5-hydroxy-l- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a sohd 
(0.042 g, 90 %). MS(ES) m/z 467 [M+H]. 

Example 40 

rarhnxvlic ar id ( Compound 158 ) 

a) 5-(4-trifluoromethylphenyl)-furan-2-carbaldehyde: 
30 Follow the procedure of example la) except substituting 5-bromofuran-2- 

carbaldehyde for 3-bromo-2-methoxybenzaldehyde and tnfluoro methyl phenyl boronic 
acid for 2-methyl P henylboronic acid, the title compound was prepared as a solid. MS(ES) 
m/z 227 [M+H] 
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b)2 . [5 - ( 4. lri n»o rom e,h yl phe„y.>fun.n-2., 11 -9-h y drox y -3H-„ap h ,ho,..2-<.. im id3,. l e-7. 

carboxylic acid: 

Follow the procedure of example 1c) except substituting 5<A- 

tri— thylpheny.)-^^ 
5 benza.dehyde and S^dia.ino^ydroxynapbtba^-carboxyiic acd for 3^»5- 

hydr oxy-.-naphtha,ene^^^ 

solid (0.044 g, 94 %). MS(ES) m/z 439 [M+H). 



Fx ample 41 



10 



15 



u , u n ,t, in nSen ^™n^-h vriroxv-3H-np phrtH 1 ?-^l^idazole-7- 
■?- f4-(4-triflu "T,methvlph""Y 1 )- thlo P" pn -^ v " v ny "' Y 

,- a rhnxvlic ar 'H ( r.nmpound 159 ) 

a) 4 -(4-trinuoromethylphenyl)-thiophene-2-carbaldehyde: 

FoUow the procedure of example la) except substituting 4-bromothiophene-2- 
carb aldehyde for 3-bromo- 2 -meth 0 xyben Z aldehyd e and trifluoro methy! 
acid for 2-methylpheny.boronic acid, the title compound was prepared as a sohd. MS(ES) 
m/z 257 [M+H]. 

20 b) 

7-carboxylic acid: 

Follow iheprocedure of example 1c) except subsuming 4-(4- 

t Hnuor„ m e,h y ,phe n ,l)-.h i o P he„e-2-ca,ba,deh y < 1 e for 2-me.ho*y-3-<2--me,hy, phenyl ) 

benzaldehyde and 5 ^ i a™„o-4- h ydroxyaph,ha,ene-2-carboxy,ic acid for 3,4-d,am,no-5- 
25 hydroxy-.-napiuhalene sulfonic acid dihydrochlonde. .he tii.e compound was prepared as a 

solid (0.041 g, 84 %). MS(ES) m/z 455 [M+H). 

Fnam ple 42 

30 j^yjbiphen^^ 
( Compound 160 ) 

a) 4'-ethylbiphenyl-3-carbaldehyde: 
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FoUow .he procedure of example U) except subs.im.ing 4-eftyl-bromobenzene for 
34,romo-2-meftoxybenza.denyde end 3-formylbenzene boronic acid for 2- 
rneftylpheny.boromc acid, fte Ude compound was prepared as a solid. MS(ES, m/z 
[M+H]. 

5 b, 2-<4,eftylbiphe„y 1 - 3 -y.)-9.byd rc xy.3H-napKfto 1 i,2-d 1 ,mida,o.e-7-carbox yl ic acid: 
Follow .he procedure of example Ic) excep. substituting ^IbtphenyM- 

Mr oxynapnma,ene-2.carboxy,ic acid for 
,0 acid dihydrochloride, fte U... compound was prepared as a solid (0.046g, 99.). MS (E S) 
m/z409[M+H]. 

F x am ple 43 

( Compound 161 ) 

a) 4'-propylbiphenyl-3-carbaldehyde: 

FoUow fte procedure of exampie .a) excep. subs.ina.ing 4-propy.-bromobenzene 
20 f „r3-bromo-2-me,hoxyb.n Ml debydeand3-formylbenzeneboronicac,dfor2- 

m efty,p h eny,boro„,cac,d,fte.i„ecompoundwaspreparedasaso,id.MS ( ES,m/ 2 22 5 

[M+H]. 

b) 2 . (4 ,pr„py 1 bip h eny 1 .3.y.)-9-bydroxy-3H-napb. h „ t .>d 1 imida Z o,e-7.carboxy 1 ,c acid : 
25 Follow fte procedure of examp.e 1c) excep. subs.i,u.ing 4--pr„pylb,phe„,.-3- 

carbaldehyde for 2-meftoxy-3-(2--me,hy. P neny, , benzo,dehyde and 5 ,6-diam,no^. 
hy droxy„apbfta,ene.2-c« 

L dibydrochloride, fte .i..e compound was prepared as a solid (0.0 5 , g , 99*,. MS(ES, 
m/z 423 [M+H]. 
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Fx am ple 44 

_U_J_Ml|Uii|il g n 2 by^HzDeE^^ 

( Compound 162 ) 
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a) 4'-butylbiphenyl-3-carbaldehyde: 

Follow the procedure of example la) except substituting 4-butyl-bromobenzene for 
Vbromo-2-methoxybenzaldehyde and 3-formylbenzene boronic acid for 2- 
5 methylphenylboronic acid, the title compound was prepared as a solid. MS(ES) m/z 239 
[M+H]. 

b ) 2-(4'-but y lbiphenyl-3-yl)-9-h y drox y -3H-naphtho[l,2-d]imidazole-7-carboxylicacid: 

Follow the procedure of example 1 c) except substituting 4'-butyllb,phenyl-3- 
10 carbaldehyde for 2-methoxy-3-(2'-methylphenyl ) benzaldehyde and 5.6-diamino-4- 

hydroxyn a phthalene-2- C arboxylicacidfor3,4-diamino-5-hydroxy-.-naphthalene S ulfon I c 

acid dihydrochloride, the title compound was prepared as a solid (0.048g, 99%). MS(ES) 

m/z 437 [M+H]. 



Example 45 



a ^.-^^r-met bylhinhenvl-S-v n 2 hy drox y-3H-na P hthof I 2-dlimidazole-7- 
mrhnxvlic acid ( Compound 163 ) 

a) 3'-formyl-3-methylbiphenyl-4-carboxylic acid: 

Follow the procedure of example la) except substituting 4-bromo-2-methylbenzo,c 
acid for 3-bromo-2-methoxybenzaldehyde and 3-formylbenzene boronic acid for 2- 
methylphenylboronic acid, the title compound was prepared as a solid. MS(ES) m/z 241 
[M+H]. 

b ) 2-(4^arboxy-3'-rnethylbi P henyl-3-yl)-9-hydroxy-3H-naphtho[1 ,2-d]imidazo.e-7- 
carboxylic acid: 

Follow the procedure of example lc) except substituting 3'-formyl-3- 
methylbiphenyl-4-carboxylic acid for 2- m ethoxy-3-(2'-methylphenyl ) benzaldehyde and 
56-di a mino^hydroxyna P hthal e ne-2-carboxyHcacidfor3,4-diamino-5-hydroxy-l- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a sohd 
(0.060g, 99%). MS(ES) m/z 439 [M+H]. 
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Fxample 46 

. f ,^ v .nn.v. m .,hvlhi phe.nvl-? -Y< V0-hvdrnxv-3H-naphth O ri>d1imida 7 ole-7-carbox Y lic 
acid ( Compound 164 ) 

5 

a) 3'-formyl-3-methylbiphenyl-4-carbonitrile: 

Follow the procedure of example la) except substituting 4-cyano-3- 
methylbromobenzene for 3-bromo-2-methoxybenzaldehyde and 3-formylbenzene boronic 
acid for 2-methylphenylboronic acid, the title compound was prepared as a sol.d. MS(ES) 
10 m/z222[M+H]. 

b) 2-(4'-cyano-3'-methylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of example 1 c) except substituting 3'-formyl-3- 
1 5 methylbiphenyl-4-carbonitrile for 2-methoxy-3-(2'-methylphenyl ) benzaldehyde and 5,6- 
diamino-4-hydroxynaphthalene-2-carboxylic acid for 3,4-diamino-5-hydroxy-l- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a solid 
(0.065g, 99%). MS(ES) m/z 420 [M+H]. 

2 0 Fxample 47 

M ^fi,^.r- mP .,hvlhi D he^ ^ 
acid ( Compound 165 ) 

25 a) 4'-fluoro-3'-methylbiphenyl-3-carbaldehyde: 

Follow the procedure of example la) except substituting 3-bromobenzaldehyde for 
3-bromo-2-methoxyben Z aldehyde and 4-fluoro-3-methylbenzene boronic acid for 2- 
methylphenylboronic acid, the title compound was prepared as a solid. MS(ES) m/z 215 
[M+H]. 

30 

b) 2-(4'-fluoro-3'-methylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid: 

Follow the procedure of example 1 c) except substituting 4'-fluoro-3 - 
methylbiphenyl-3-carbaldehyde for 2-methoxy-3-(2 -methylphenyl ) benzaldehyde and 5,6- 
- 70 - 



WO 01/39773 





PCT/US00/33432 



diamino-4-hydroxynaphthalene-2-carboxylic acid for 3,4-diamino-5-hydroxy-l- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a solid 
(0.057g, 99%). MS(ES) m/z 413 [M+H]. 



7-ri-f4-tert-butvlphenvn-lH-pvrazol-4-vll-9-hvdroxv- 3H-naphthon,2-dlimidazole-7- 
carboxvlic acid ( Compound 166 ) 

10 a) l-(4-tert-butylphenyl)-lH-pyrazole: 

To the mixture of 4-tert butyl benzene boronic acid (0. 1 g, 0.56mmo1), pyrazole 
(0.02 g, 0.28mmol), anhydrous cupric acetate(0.1 g, O.56mmol) and pyridine in methylene 
chloride (10ml), was added 4a powdered molecular sieves (0.15 g) The reaction was stirred 
unfer air at room temperature for 2 days. The reaction was filtered through Celite and 

1 5 concentrated under reduced procedure to dryness. The residue was purifed by silica gel 

chromatography to give the title compound. «H NMR (300MHz, CDC1 3 ) 7.9 (s, 1H), 7.72 
(s, I H), 7.65 (d, J = 6.8Hz, 2H), 7.45 (d, J = 6.8Hz, 2H), 6.45 (s, 1H), 1 .3 (s, 9H). MS(ES) 
m/z 201 [M+H]. 

20 b) l-(4-tert-butylphenyl)-1H-pyrazole-4-carbaldehyde: 

Phosphorus oxychloride (0.075 ml, 0.5 mmol) was added dropwise slowly to a 
stirred solution of freshly distilled dimethylformamide (0.075 ml, 1.0 mmol) containing 1- 
(4-tert-butylphenyl)-lH-pyrazole (0.1 g, 0.5 mmol) at 90-100°C. After complete addition, 
the reaction mixture was stirred for another 4 hours under the same conditions. The reaction 

25 mixture was cooled and ice-water added. The pH was adjusted to 4 with a diluted sodium 
hydroxide solution and then extract with ethanol. The organic solution was washed with 
hydrochloric acid (IN), with a diluted solution of sodium bicarbonate and then dried over 
sodium sulfate. The crude product was purified by silica gel chromatography to give the 
title compound as a solid (0.035g, 44%). >H NMR (300MHz, CDCI3) 9.9 (s, 1H), 8.41 (s, 

30 1H), 8.16 (s, 1H), 7.65 (d, J = 6.8Hz, 2H), 7.45 (d, J = 6.8Hz, 2H), 1.38 (s, 9H). MS(ES) 
m/z 229 [M+H]. 

c) 2-[l-(4-tert-butylphenyl)- 1 H-pyrazol-4-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid: 



5 



Example 48 
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Follow the procedure of example Ic) except substituting 1 -(4-tert-butylphenyl)- 1 H- 
pyrazole-4-carbaldehyde for 2-methoxy-3-(2'-methylphenyl ) benzaldehyde and 5,6- 
diamino-4-hydroxynaphthalene-2-carboxylic acid for 3,4-diamino-5-hydroxy-l- 
naphthalene sulfonic acid dihydrochloride, the title compound was prepared as a solid 
5 (0 030g 70%). 1H NMR (300MHz, DMSO-d 6 ) 10.9 (s, 1H), 9.4 (s, IH), 9.2 (s, 1H), 8.53 
(d, J = 7.7Hz, IH), 8.24 (d, J = 7.7Hz, IH), 7.89 (m, 4H), 7.82 (d, J = 6.8Hz), 1 -38 (s, 9H). 
MS(ES) m/z427 [M+H]. 

Example 49 

2z{ 3L4- : dif1uo^^ 
(Compound 167) 

a) 3' 4 -difluorobiphenyl-3-carbaldehyde: 
15 ' Follow the procedure of example la) except substituting 3-bromobenzaldehyde for 

3-bromo-2-methoxybenzaldehyde and 3,4-difluorophenyl boronic acid for 2- 

methylphenylboronic acid, the title compound was prepared as a solid (0.305 g, 44 %). 

MS(ES)m/z219[M+H]. 
20 b)2-(3»4'-difluorobi P henyl-3- y .)-9-h y drox y -3H-na P htho[l,2-d]imida 7 .ol e -7-carboxy.ic 

acid: 

Follow the procedure of example 1c) except substituting 3',4'-difluorobiphenyl-3- 
carbaldehyde for 2-methoxy-3-(2'-methylphenyl )benzaldehyde and 5,6-diamino-4- 
hydroxynaphthalene-2-carboxylic acid for 3,4-diamino-5-hydroxy-l -naphthalene sulfomc 
25 acid dihydrochloride, the title compound was prepared as a solid (0.038 g , 91%). MS(ES) 
m/z417[M+H]. 

Example 50 

30 2 r - f o»-n..^.,.vn- nh.n v l l- 9 - hvdro xy-3H-naphthori ,2-d1imiH, 7 o1.-7-r,rhoxvlic acid 
(Compound 168) 

a) 3-(9W-Fluoren-2-yl)-benzaldehyde: 
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Follow the procedure of example la) except substituting 2-bromo-9//-fluorene for 
3-bromo-2-methoxybenzaIdehyde and 3-formylphenylboronic acid for 2- 
methylphenylboronic acid, the title compound was prepared as a solid (0.475 g, 53 %). 
MS(ES)m/z271 [M+H]. 

5 

b) 2-[3-(9/V-fluoren-2-y l)-phenyl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7-carboxylic 
acid: 

Follow the procedure of example 1c) except substituting 3-(9//-Fluoren-2-yl)- 
benzaldehyde for 2-methoxy-3-(2'-methylphenyl )benzaldehyde and 5,6-diamino-4- 
10 hydroxynaphthalene-2-carboxyIic acid for 3,4-diamino-5-hydroxy-l -naphthalene sulfonic 
acid dihydrochloride, the title compound was prepared as a solid (0.004 g, 8 %). MS(ES) 
m/z 469 [M+H]. 



Example 51 - Capsule C omposition 

15 

An oral dosage form for administering a presently invented agonist of the TPO 
receptor is produced by filing a standard two piece hard gelatin capsule with the ingredients 
in the proportions shown in Table 1, below. 

Table I 

20 

INGREDIENTS 

2-(3-[2'-Methylphenylj-2-methoxyphenyl)-9-hydroxy- 
naphth[l ,2-d]imidazole-5-sulfonic acid hydrochloride 
(Compound 1) 
Lactose 
Talc 

Magnesium Stearate 



AMOUNTS 
25 mg 

55 mg 
16 mg 
4 mg 



Example 52 - Injectable Parenteral Composition 



An injectable form for administering a presently invented agonist of the TPO 
25 receptor is produced by stirring 1 .5% by weight of 2-(3-[4'-Methylphenyl]-2- 

methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid hydrochloride 
(Compound 2) in 10% by volume propylene glycol in water. 

- 73 - 
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The sucrose, calcium sulfate dihydrate and a presently invented agonist of the TPO 
receptor, as shown in Table II below, are mixed and granulated in the proportions shown 
with a 10% gelatin solution. The wet granules are screened, dried, mixed with the starch, 
talc and stearic acid, screened and compressed into a tablet. 

Table II 



INGREDIENTS AMOUNTS 

2-(3-[3',4'-DimethylphenyI]-2-methoxyphenyl)-9-hydroxy- 20 mg 
naphth[l,2-d]imidazole-5-sulfonic acid hydrochloride 
(Compound 3) 

calcium sulfate dihydrate 30 mg 

sucrose 4 mg 

starch 2 m & 

talc 1 m S 

stearic acid 0 5 m g 



10 Preferred among the compounds of the present invention are the following. 

2-(3-[3'-Trifluoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
sulfonic acid hydrochloride; 

2-(3-[2'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

15 acid hydrochloride; 

2-(4-[3'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

acid hydrochloride; 

2-(3-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphlh[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

20 2-(3-[3 , ,4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 
sulfonic acid hydrochloride; 

2-(3-[4-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3',4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 

25 sulfonic acid hydrochloride; 

2-(3-[4 , -Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

acid hydrochloride; 
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2-(4-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-dJimidazole-7-sulfonic 
acid hydrochloride; and 

2-(4-[3',4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
sulfonic acid hydrochloride. 

Most preferred among the compounds of the present invention are the following. 



2-(4 , -tert-buty!biphenyl-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidizole-7-sulfonic acid 
trifuoroacetate; 

10 2-(4 , -tert-butylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylicacid 
trifluoroacetate; 

9-Hydroxy-2-[5-(4-tert-butylphenyl)-furan-2-yl]-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

2-[4-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

15 carboxylic acid; and 

2-[4'-tert-butyl-4-fluorobiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

carboxylic acid. 

While the preferred embodiments of the invention are illustrated by the above, it is 
20 to be understood that the invention is not limited to the precise instructions herein disclosed 
and that the right to all modifications coming within the scope of the following claims is 
reserved. 
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I. 



A compound represented by the following Formula (I): 




the C ring has one double bond where indicated by the broken lines, provided that 
R 8 is absent when the nitrogen attached thereto has a double bond and provided 
that R 7 is absent when the nitrogen attached thereto has a double bond; 

Rl, R 2 , R 3 , R 4 and R 5 are each independently selected from the group consisting 
of: hydrogen, -C(0)OR' \ -CONR 9 R 10 , -S0 2 Nr9r 10 , phosphonic acid, 
phosphinic acid, C,. 6 alkyl, C^alkoxy, -(CH2)pOR* nitro, cyano, halogen, - 
NR 9 R 10 , N-acylamino, N-sulfonylamino, -SCO^R 1 1 , aryl, substituted aryl, 
alkyl, cycloalkyl, substituted cycloalkyl, protected -OH, and alkyl substituted 
with one or more substituents selected from the group consisting of: alkoxy, 
acyloxy, aryl, substituted aryl, -NR 9 R 10 , N-acylamino, oxo, hydroxy, cycloalkyl, 
substituted cycloalkyl, -C(0)ORH, -C<0)NR 9 r1° -S(0) 2 NR9r1<>, . S (0) n RH, 
aryloxy, nitro, cyano, halogen, and protected -OH; 

where 

n is 0 to 3; 

p is 0 to 6; 

Rl 1 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, Cj- 
Ci 2 aryl, substituted alkyl, substituted cycloalkyl and substituted Cj-C^aryl; and 

R 9 and R 10 are independently selected from hydrogen, cycloalkyl, Ci-Cj 2 aryl, 
substituted cycloalkyl, substituted Cj-C^aryl, alkyl or alkyl substituted with one 
or more substituents selected from the group consisting of: alkoxy, acyloxy, 
aryloxy, -NR 1 'R 1 1 , N-acylamino, oxo. hydroxy, -C(0)OR n , -S(0) n R n , - 
QONR 1 1 R 1 1 , -S(0)2NR 1 1 R 1 ! , nitro, cyano, halogen, cycloalkyl, substituted 
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cycloalkyl, aryl, substituted aryl and protected -OH where n and R 1 1 are as 
described above; or R 9 and R 10 taken together with the nitrogen to which they 
are attached represent a 5 to 6 member saturated ring containing up to one other 
heteroatom selected from oxygen and nitrogen; 

R 6 is selected from the group consisting of: hydrogen, alkyl, cycloalkyl, C\- 
C^aryl, substituted alkyl, substituted cycloalkyl and substituted Ci-C^ary); 

R 7 is absent when the nitrogen attached thereto has a double bond or selected from 
the group consisting of: hydrogen, alkyl, cycloalkyl, C^C^aryl, substituted 
alkyl, substituted cycloalkyl and substituted Cj-C^aryl; 

R 8 is absent when the nitrogen attached thereto has a double bond or selected from 
the group consisting of: hydrogen, alkyl, cycloalkyl, Ci-C 12 aryl, substituted 
alkyl, substituted cycloalkyl and substituted Ci-C^aryl; 



X is selected from the group consisting of sulfur, sulfonamido, oxygen and an 
amino group which may be substituted by Ci-Cioalkyl or benzyl; 

AR is a cyclic or polycyclic aromatic ring containing from 3 to 16 carbon atoms, 
optionally containing one or more heteroatoms, provided that when the number 
of carbon atoms is 3 the aromatic ring contains at least two heteroatoms and 
when the number of carbon atoms is 4 the aromatic ring at least one heteroatom, 
optionally substituted with one or more substituents selected from the group 
consisting of: alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, 
substituted aryl, aryloxy, hydroxy, alkoxy, acyloxy, -NR ,2 R 13 , N-acylamino, N- 
sulfonylamino, nitro, cyano, halogen, -C(0)OR n , -C(0)NR 12 R 13 , - 
S(0) 2 NR 12 R 13 . -S(0) n R' », protected -OH, and alkyl substituted with one or 
more substituents selected from the group consisting of: alkoxy, acyloxy, aryl, 
substituted aryl, amino, N-acylamino, oxo, hydroxy, cycloalkyl, substituted 
cycloalkyl, -C(0)OR ] K -S(0) 2 NR 12 R 13 , -SfO^R 1 1 , aryloxy, nitro, cyano, 
halogen, and protected -OH, 

where 

n is 0 to 3; 
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Rl 1 is seiected front the gronp consisting of: hydrogen, alky!, cydoafty". C,- 

C 12 ary,, sobstitoted a lk y., substituted cyc,oa,M and subs.itu.eri C,-C 12 ary>. and 
R 12 L R.3 are independent,, se.ec.ed front the group consisting of: hydrogen. 
cydoaUty.. C6-C 12 aryl, substituted cydoaikyl, snbsti.nted C 6 -C 12 aryl, aikyi or 
IC— d with one or .ore snbsti-nents seiected front the group conststtng 
of aikoxy, acy.oxy, ary.oxy, -NR"r1 ' , N-acy«amino oxo, hydroxy, 
^0)ORn,-S<0,„R",-C(0)NR'>R''.-S(0) 2 NR''R'',ni.rocyano 
cycloaiM. substituted cydoalM, halogen, C,-C 12 ary., substttuted C,-C 12 ary, 
and protected -OH, where n and R> ' are as described above; and 
10 phamtaceuticall, acceptabte saits, hydrates, soivates and esters thereof. 

, ( , [2 ^^ 

acid hydrochloride; 

2 . (3 . 1 3.,4,Di m etby.phe„y.]-2.me,hoxypheny 1 >9-hydroxy.n a ph,hn.2-dl,rn,da 2 o,e-5- 

20 ^"Ly-pbenyn-^thoxyp 

sulfonic acid hydrochloride; C11 i fnnic 
2 . (3 . [ 4,F 1 „oropheny«- 2 .me,h„xypheny 1 ,- 5 -hydroxy-n B ph,h I ,,2-d ) .nnd M o,e-5-s ul fontc 

hydrochloride; 
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2-(3-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

2-(3-[2-Methy]pheny]]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

5 2-(3-[4*-Methylpheny l]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3',4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 
sulfonic acid hydrochloride; 

2-(3-[3-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
10 acid hydrochloride; 

2-(3-[3'-Trifluoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7- 
sulfonic acid hydrochloride; 

2-(3-[4'-FIuorophenyl]-2-methoxyphenyl)-9-hydroxy-naphthll,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

15 2-(3-[4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazoIe-7-sulfonic 
acid hydrochloride; 

2-(3-[I-Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[i'-Naphthalenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
20 acid hydrochloride; 

2-(3-[3'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3'-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d)imidazole-7-sulfonic acid 
hydrochloride; 

25 2-(3-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

2-(4-[2'-Methylphenyl]-2-methoxyphehyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[4-Mcthylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
30 acid hydrochloride; 

2-(4-[3',4 -Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5- 
sulfonic acid hydrochloride; 

2-(4-[3'-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 
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2.(4-[3'-Trinuoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l.2-d]imidazole-5- 
sulfonic acid hydrochloride; 

2-(4-[4'-Fluorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

5 2-(4-[4'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[ 1 -Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[r-NaphthalenyI]-2-rnethoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

10 acid hydrochloride; 

2-(4-[3'-ChIorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(4-[3'-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

1 5 2-(4-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

2-(4-[2'-Melhylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[4'-Methylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

20 acid hydrochloride; 

2-(4-[3 , ,4'-Dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 

sulfonic acid hydrochloride; 

2-(4-[3-Methoxyphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

25 2-(4-[3 , -Trifluoromethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l > 2-d]imidazole-7- 
sulfonic acid hydrochloride; 

2-(4-[4'-Fluorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[4'-Chlorophenyl]-2-mcthoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
30 acid hydrochloride; 

2-(4-[ 1 '-Dibenzofuranyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[l'-Naphthalenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 
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2-(4-[3'-Chlorophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l i 2-d]imidazole-7-su]fonic 
acid hydrochloride; 

2-(4-[3'-Nitrophenyl]-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

5 2-(4-phenyl-2-methoxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

2-(3-[2'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth(l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2 (3-[4'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth{ 1 ,2-d]imidazole-5-sulfonic 

10 acid hydrochloride; 

2-(3-[3 , ,4'-Dimethylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazoIe-5- 

sulfonic acid hydrochloride; 

2-(3-[3 , -Trifluoromethylphenyl3-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 

sulfonic acid hydrochloride; 
15 2-(3-[4-Fluorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphthtl,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(3-[4'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(3-[l'-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

20 acid hydrochloride; 

2-(3-[ l'-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(3-[3-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

25 2-(3-[3 -Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

2-(3-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic acid 
hydrochloride; 

2-(3-[2-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

30 acid hydrochloride; 

2-(3-[4'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[3',4-Dimethylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5- 
sulfonic acid hydrochloride; 
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2-(3-[3'-TrinuoromethylphenyI]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
sulfonic acid hydrochloride; 

2-(3-[4'-Fluorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-suIfonic 
acid hydrochloride; 

5 2-(3-[4'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[l'-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(3-[l'-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

10 acid hydrochloride; 

2-(3-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

acid hydrochloride; 

2-(3-[3'-Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

15 2-(3-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonicacid 
hydrochloride; 

2-(4-[2'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[4'-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

20 acid hydrochloride; 

2-(4-[3'-Hydroxyphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(4-[4'-Ffuorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

25 2-(4-[4'-Chloropheny l]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[r-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 
acid hydrochloride; 

2-(4-[r-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

30 acid hydrochloride; 

2-(4-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic 

acid hydrochloride; 

2-(4-[3-Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonic acid 
hydrochloride; 
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2-(4-phenyl-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-5-sulfonicacid 
hydrochloride; 

2-(4-I2-Methylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-su!fonic 
acid hydrochloride; 

5 2-(4-[4 -Methylpheny)]-2-hydroxyphenyl)-9-hydroxy-naphth( 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[3-Hydroxyphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[4'-Fluorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 

10 acid hydrochloride; 

2-(4-[4'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imida2ole-7-sulfonic 

acid hydrochloride; 

2-(4-[r-Dibenzofuranyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

1 5 2-(4-[l '-Naphthalenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[3'-Chlorophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7-sulfonic 
acid hydrochloride; 

2-(4-[3 -Nitrophenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 

20 hydrochloride; 

2-(4-phenyl-2-hydroxypheny l)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-sulfonic acid 

hydrochloride; 

2-(3-pheny 1-2-methoxypheny l)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-carboxylic acid 
hydrochloride; 

25 2-(3-[3',4'-dimethylphenyl]-2-methoxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
carboxylic acid trifluoroacetate; 

2-(3-[3 , ,4'-dimethylphenyl]-2-hydroxyphenyl)-9-hydroxy-naphth[l,2-d]imidazole-7- 
carboxylic acid trifluoroacetate; 

2-(l-[3, 4-dimethylphenyl]-3-methyl-5-hydroxy-lH-pyrrazole-4-yl)-9-hydroxy-3H- 
30 naphth[l,2-d]imidazoie-7-carboxylic acid trifluoroacetate; 

2-(l-hydroxy-2-naphthalenyl)-9-hydroxy-naphth[ 1 ,2-d]imidazole-7-carboxylic acid 
trifluoroacetate; 

2-(2-pyridinyl)-9-hydroxy-naphth[ 1 ,2-d)imidazole-7-carboxylic acid trifluoroacetate; 
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2-(3',4'-dimethylbipheny]-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7-sulfonic acid 
hydrochloride; 

2-biphenyl-4-yl-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7-sulfonic acid hydrochloride; 
2-(3\4'-dimethylbiphenyl-4-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d)imidazole-7-sulfonic acid 
5 trifluoroacetate; 

2-(4 -tert-butylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidizole-7-sulfonic acid 
trifuoroacetate; 

2-[3-(4-tert-butylbenzyloxy)-phenyl]-9-hydroxy-3H-naphtho[l,2-d]imidizole-7-sulfonic 
acid hydrochloride; 

10 2-[3-(3-trifluoromethylbenzyloxy)-phenyl]-9-hydroxy-3H-naphthol 1 ,2-d]imidizole-7- 
sulfonic acid hydrochloride; 

2-[3-(3,4-dimethylbenzyloxy)-phenyl]-9-hydroxy-3H-naphtho[1,2-d]imidizole-7-sulfonic 
acid hydrochloride; 

2-(3',4 , -dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphthotl,2-d]imidazole-7-carboxylic acid 
15 hydrochloride; 

2-(3', 4'-dimethylbiphenyl-4-yl)-9-hydroxy-3H-naphtho[l ,2-d]imidazole-7-carboxylic acid 
trifluoroacetate; 

2- (4'-tert-butylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7-carboxylic acid 
trifluoroacetate; 

20 9-hydroxy-2-(3-phenoxyphenyl)-3H-naphtho[ 1 ,2-d]imidazole-7-carboxy lie acid 
trifluoroacetate; 

3- [2-(3 , ,4-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphlho[l > 2-d] imidazole-7- 
sulfonylamino]-benzoic acid; 

l-[2-(3 , ,4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-sulfonyl]- 

25 piperidine-3-carboxylic acid; 

(S)-l-[2-(3',4'-dimethyl-biphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

sulfonylj-pyrrolidine-2-carboxylic acid; 

({ l-[2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazol-7-yl]- 
methanoyl}-amino)-acetic acid; 
30 (S)-2-({l-[2-(3\4'-dimethylbiphenyl-3-yl)-9-hydroxyl-3H-naphthotl,2-d]imidazol-7-yl]- 

methanoyl } -amino)-propi on ic acid; 

({l-[2-(3 , ,4'-dimethylbiphenyl-3-yl)-9-hydroxyl-3H-naphtholl,2-d]imidazol-7-yl]- 
methanoyl }-methylamino)-acetic acid; 
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(S)- 1 - { l-[2-(3',4'-dimethylbiphenyl-3-yl)-9-hydroxyl-3H-naphtho[ 1 ,2-d]imidazol-7-yl)- 
methanoyl }-pyrrolidine-2-carboxylic acid; 

(S)-2-({ l-[2-(4' tert-butylIbiphenyl-3-yl)-9-hydroxy-3H-naphtho[ l,2-d]imidazol-7-yl]- 
methanoy!}-amino)-pentanedioic acid; 
5 2-[6-(4-tert-butylphenyl)-pyridin-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[5-(3,4-dichlorophenyl)furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

2-[5-benzo[b]thiophen-2-yl-furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazo!e-7- 
10 carboxylic acid; 

9-Hydroxy-2-[5-(4-tert-butylphenyl)-furan-2-yl]-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

9-Hydroxy-2-[4-C4-tert-buty1phenyl)-furan-2-yl]-3H-naphtho[l,2-d)imidazole-7-carboxylic 
acid; 

15 2-[5-(3,4-dimethylphenyl)-furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[4-(3,4-dimethylphenyl)-furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2.[5-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphthoLl,2-d]imidazole-7- 

20 carboxylic acid; 

2-[4-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 

carboxylic acid; 

2-[5-(3,4-dimethylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazple-7- 
carboxylic acid; 

25 2-[4-(3,4-dimethylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[i;2-d]imidazole-7- 
carboxylic acid; 

2-[4'-tert-butyl-6-methoxybiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-l4'-tert-butyl-6-fluoro-bipheny]-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

30 carboxylic acid; 

2-[4'-tert-butyl-4-nuorobiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

carboxylic acid; 

2-[6-fluoro-3',4'-dimethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]tmidazole-7- 
carboxylic acid; 
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2-[4-nuoro-3',4'-dimethylbiphenyl-3-yl]-9-hydroxy-3H-naphtholl,2-d]imidazole-7- 
carboxylic acid; 

2-[4-trifluoromethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

5 9-Hydroxy-2-[5-(3-isopropyIphenyl)-furan-2-yl]-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

9-Hydroxy-2-[4-(4-tert-butyIphenyl)-furan-2-yl]-3H-naphtho[l,2-d]imidazole-7-carboxy1ic 

acid; 

9-Hydroxy-2-[5-(4-tert-butylphenyl)-furan-2-yl]-3H-naphtho[l,2-d]imidazole-7-carboxylic 
10 acid; 

2-[5-(3,4-dimethylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphthotl,2-d]imidazole-7- 
carboxylic acid; 

2-[4-(3,4-dimethylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

1 5 2-[4-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid; 

2-[5-(4-tert-butylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[5-(3,4-dichlorophenyl)furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic 
20 acid; 

2-[5-benzo[b]thiophen-2-yl-furan-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[4'-tert-butyl-6-methoxybiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

25 2-[6-fluoro-3',4'-dimethyIbiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]iniidazole-7- 
carboxylic acid; 

2-[4-fluoro-3',4'-dimethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[4'-tert-butyl-4-fluorobipheriyI-3-yl]-9-hydroxy-3H-naphtho[1,2-d]imidazole-7- 
30 carboxylic acid; 

2-[4 , -trifluoromethylbiphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

2-[4'-tert-butyI-6-fluoro-biphenyl-3-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

35 2-[5-(4-tert-butylphenyl)-pyridin-3-yl]-9-hydroxy-lH-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 
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2-[(2-fluoro-4-trifluoromethylbiphenyl)-3-y l]-9-hydroxy- 1 H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid; 

2-[(2,5-difluoro-4-trifluoromethylbiphenyl)-3-yl]-9-hydroxy- 1 H-naphtho[ 1 ,2-d]imidazole- 
7-carboxylic acid; 

5 2-[(4-fluoro-4 , -trifluoromethyIbiphenyl)-3-yl]-9-hydroxy- 1 H-naphtho[ 1 ,2-d]imidazole-7- 
carboxylic acid; 

2-[5-(4-trifluoromethy]phenyl)-ftiran-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
carboxylic acid; 

2-[4-(4-trinuoromethylphenyl)-thiophen-2-yl]-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 

10 carboxylic acid; 

2-(4'-ethylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic acid; 

2-(4'-propylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[1 ,2-d]imidazole-7-carboxylic acid; 

2-(4 -butylbipheny l-3-yl)-9-hydroxy-3H-naphtho[ 1 ,2-d]imidazole-7-carboxylic acid; 

2-(4'-carboxy-3-methylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7- 
15 carboxylic acid; 

2-(4'-cyano-3'-methylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-dJimidazole-7-carboxylic 
acid; 

2-(4 , -fluoro-3'-methylbiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazole-7-carboxylic 
acid; 

20 2-[l-(4-tert-butylphenyl)-lH-pyrazol-4-yl]-9-hydroxy-3H-naphtho[],2-d]imidazole-7- 
carboxylic acid; 

2-(3 , ,4-difluorobiphenyl-3-yl)-9-hydroxy-3H-naphtho[l,2-d]imidazote-7-carboxylicacid; 
and 

2-[3-(9H-fluoren-2-yl)-phenyl]-9-hydroxy-3H-naphthot 1 .2-d]imidazole-7-carboxylic acid, 
25 and 

pharmaceuticaily acceptable salts, hydrates, solvates and esters thereof. 

3. A method of treating of thrombocytopenia in a mammal, including a 
human, in need thereof which comprises administering to such mammal a therapeutically 
30 effective amount of a compound of Formula (1), as described in claim 1 . 



4. A method of enhancing platelet production in a mammal, including a 
human, in need thereof which comprises administering to such mammal a 
therapeutically effective amount of a compound of Claim 1 . 

35 
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5. A pharmaceutical composition for use in enhancing platelet production 
which comprises a compound of Claim 1 and a pharmaceutical^ acceptable carrier. 

6. Use of a compound of Formula (I), as described in claim 1, in the 
5 manufacture of a medicament for use in treating of thrombocytopenia. 

7. The method of claim 3 wherein the compound is administered orally. 

8. The method of claim 3 wherein the compound is administered 
10 parenterally. 



9. A method of agonizing the TPO receptor in a subject which comprises 

administering an effective amount of a compound of Formula (I), as described in claim 1 . 
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